Corrole Synthesis and Catalytic Applications Toward Cobalt(III)-Catalyzed Epoxidation, N-H Insertion, and Cyclopropanation by Kim, Chung Sik
University of South Florida
Scholar Commons
Graduate Theses and Dissertations Graduate School
12-31-2010
Corrole Synthesis and Catalytic Applications
Toward Cobalt(III)-Catalyzed Epoxidation, N-H
Insertion, and Cyclopropanation
Chung Sik Kim
University of South Florida
Follow this and additional works at: http://scholarcommons.usf.edu/etd
Part of the American Studies Commons, and the Chemistry Commons
This Dissertation is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in
Graduate Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact
scholarcommons@usf.edu.
Scholar Commons Citation
Kim, Chung Sik, "Corrole Synthesis and Catalytic Applications Toward Cobalt(III)-Catalyzed Epoxidation, N-H Insertion, and
Cyclopropanation" (2010). Graduate Theses and Dissertations.
http://scholarcommons.usf.edu/etd/3459
 
 
 
 
 
 
Corrole Synthesis and Catalytic Applications Toward  Cobalt (III)-Catalyzed  
 
 
Epoxidation, N-H Insertion, and Cyclopropanation 
 
 
 
by 
 
 
 
Chung Sik Kim 
 
 
 
 
A dissertation submitted in partial fulfillment 
of the requirements for the degree of 
Doctor of Philosophy 
Department of Chemistry 
College of Arts and Sciences 
University of South Florida 
 
 
Major Professor: X. Peter Zhang, Ph.D. 
Jon Antilla, Ph.D. 
Roman Manetsch, Ph.D. 
Mark McLaughlin, Ph.D. 
 
 
Date of Approval: 
Oct 20, 2010 
 
 
 
Keywords: Corroles, Cobalt(III) Complex, Epoxidation, N-H Insertion, and 
Cyclopropanation 
 
Copyright © 2010, Chung Sik Kim 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Special Thanks 
 
To my God 
To my lovely wife 
To my endless supporter, Mom 
To my late father 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
i 
 
 
 
 
 
TABLE OF CONTENTS 
 
 
LIST OF TABLES   iii 
 
LIST OF FIGURES iv 
 
LIST OF SCHEMES v 
 
LIST OF ABBREVIATIONS vi 
 
ABSTRACT viii 
 
CHAPTER I: INTRODUCTION .........................................................................................1 
CHAPTER II: SYNTHESES OF CORROLES ...................................................................8 
 
General introduction ..........................................................................................8 
Corrole synthesis ................................................................................................9 
Chiral corrole synthesis....................................................................................14 
Cobalt(III) corrole synthesis ............................................................................15 
Conclusions ......................................................................................................16 
General procedure for synthesis of brominated corroles .................................17 
References ........................................................................................................30 
CHAPTER III: COBALT CORROLE CATALYZED EPOXIDATION  
REACTIONS OF ALDEHYDES WITH ETHYL PHENYLDIAZOACETATE .............31 
 
General introduction ........................................................................................31 
Epoxidation reaction using cobalt(III) corrole as a catalyst ............................34 
Conclusions ......................................................................................................43 
Experimental data for epoxidation reactions  ..................................................47 
ii 
 
References ........................................................................................................55 
CHAPTER IV: COBALT CORROLE CATALYZED N-H INSERTION  
REACTIONS WITH DIVERSE DIAZO REAGENTS ....................................................57 
 
General Introduction ........................................................................................57 
N-H insertion reactions using cobalt(III) corroles ...........................................59 
Conclusions ......................................................................................................65 
Experimental data for N-H insertion reactions ................................................69 
References ........................................................................................................78 
 
CHAPTER V: COBALT CORROLE CATALYZED CYCLOPROPANATION 
REACTIONS OF VINYL ETHERS WITH α-
NITRODIAZOACETATE ...................................................................80 
 
General introduction ........................................................................................80 
Cyclopropanation reactions using cobalt(III) corroles ....................................81 
Asymmetric cyclopropanation reaction using chiral cobalt(III) corroles ........86 
Conclusions ......................................................................................................88 
Experimental data for cyclopropanation reactions ..........................................92 
References ........................................................................................................97 
APPENDIX A: 1H AND 13C NMR SPECTRA OF SELECTED COMPOUNDS ..........100 
APPENDIX B X-RAY CRYSTALLOGRAPHIC DATA FOR COMPOUND 37 ........162 
 
 
 
 
 
 
 
 
 
iii 
 
 
 
 
 
LIST OF TABLES 
 
Table 3.1 Reaction of phenyl diazoacetate with aldehydes 32 
 
Table 3.2 Co(III) corrole-catalyzed epoxidation reactions 38 
 
Table 3.3 Axial ligand effects on epoxidation reactions 42 
 
Table 4.1 [RuCl2(p-cymene)]2-catalyzed intermolecular carbenoid N-H insertion 
reactions with amines and amides 58 
 
Table 4.2 Intermolecular N-H insertion of aniline with ethyl phenyldiazoacetate by  
Co(III) corroles 61 
 
Table 4.3 [Co(C1)CNtBu]-Catalyzed N-H insertion reaction of aniline with diverse  
Diazo reagents 62 
 
Table 4.4 [Co(C1)CNtBu]-catalyzed N-H insertion reactions using amines  
and amides 63 
 
Table 5.1 [Co(C1)PPh3]-catalyzed cyclopropanation of different vinyl ethers with α- 
                 nitrodiazoacetatee 83 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 
 
 
 
LIST OF FIGURES 
 
Figure 1.1 Structure of  a) porphyrin, b) corrole, and c) corrin 1 
 
Figure 1.2 Number of corrole-related publications from 1955 to 2010 2 
 
Figure 2.1 Structure of dipyrromethane 3, N-confused dipyrromethane 4,  
tripyrrane 5 11 
 
Figure 3.1 Structures of metalloporphyrin and corrole catalysts 35 
 
Figure 3.2 Crystal structures of  
ethyl 2(4-bromophenyl)-3-phenyloxirane-2-carboxylate 37 41 
 
Figure 4.1 Structures of metalloporphyrin and corrole catalysts  60 
 
Figure 5.1 Structures of metalloporphyrins and corrole catalysts  82 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
 
 
 
 
LIST OF SCHEMES 
 
Scheme 2.1 Preparation of 2,6-dibrombenzaldehyde 1 via metalation of 1,3- 
Dibromobenzene 10 
 
Scheme 2.2 Synthesis of dipyrromethane 2 10 
 
Scheme 2.3 Brominated corrole synthesis with dipyrromethane 2 and diverse 
aldehydes 12 
 
Scheme 2.4 Synthesis of various brominated corroles 13 
 
Scheme 2.5 Synthesis of chiral corroles 14 
 
Scheme 2.6 Synthesis of Co(III) corrole complexes 15 
 
Scheme 3.1 General mechanism of epoxidation using Rh(OAc)2 32 
 
Scheme 3.2 Epoxidation reactions of aldehydes with diazo reagents 34 
 
 
 
Scheme 3.3 Epoxidation of aldehydes with ethyl phenyldiazoacetate by 
metallocorroles 36 
 
Scheme 3.4 Proposed mechanism of epoxidation reaction using Co(III) corrole 43 
 
Scheme 4.1 Intermolecular N-H insertion via a metal-catalyzed decomposition of 
diazoacetate                                                                                                    57 
 
Scheme 4.2 One pot two reactions using α-aldehyde diazoacetate with anilins using  
[Co(C1)CNtBu] 65 
 
Scheme 5.1 Cyclopropanation of vinyl ether with α- nitrodiazoacetate catalyzed by  
Co(III) corrole 82 
 
Scheme 5.2 Proposed mechanism of cyclopropanation of vinyl ethers with α- 
nitrodiazoacetate using Co(III) corrole                                                          86 
Scheme 5.3 Comparative reaction screening using chiral Co(III) corroles                       87 
 
Scheme 5.4 Asymmetric cyclopropanation reactions using chiral Co(III) corroles         88 
vi 
 
 
 
 
 
 
LIST OF ABBREVIATIONS 
 
 
Boc = tert-butoxycarbonyl 
 
[Co(P1)] = Cobalt(II) tetraphenyl porphyrin 
 
[Co(P2)] = Cobalt(II) 10, 20-(3,5-ditertbutylphenyl)-5,15-(2,6-dibromophenyl)porphyrin. 
[Co(C1)PPh3] = [Cobalt(III)(10-(3,5-di-tert-butylphenyl)-5,15-(2,6- 
 dibromophenyl))corrole(PPh3)] 
[Co(C1)tBuNC] = [Cobalt(III)(10-(3,5-ditertbutylphenyl)-5,15-(2,6- 
 dibromophenyl))corrole(tBuNC)] 
DCC = N’,N'-dicyclohexylcarbodiimide   
 
DCM = Dichloromethane 
 
DMF = N’,N’-Dimethyl formamide 
 
DMSO = Dimethylsulfoxide 
 
DSSCs = Dye-sentitized solar cells 
 
EDA = Ethyl diazoacetate 
 
ESI = Electrospray ioninzation 
 
FTIR = Fourier transform infrared 
 
EtOAc = Ethyl acetate 
 
HCl = Hydrochloric acid 
 
LDA = Lithium diisopropylamide 
 
MDA = α-methyl diazoacetate 
 
vii 
 
NDA = α-nitro diazoacetate 
 
p-CHLORANIL = 2,3,5,6-tetrachlorocyclohexa-2,5-diene-1,4-dione 
 
PDA = Ethyl phenyldiazoacetate 
 
PPh3 = Triphenylphosphine 
 
TEA = Triethylamine 
 
TFA = Trifluoroacetic acid 
 
THF = Tetrahydrofuran 
 
TLC = Thin layer chromatography 
 
TMS = Tetramethylsilane 
 
TOF = Time-of-flight 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
 
 
ABSTRACT 
 
A variety of bromocorroles, useful precusors for Pd-based cross coupling, were sucessfully 
synthesized in moderate to good yields. Chiral corroles were also synthesized through use of 
chiral amides in the aforementioned cross coupling reactions. Cobalt complexes bearing π-
acceptor (CNtBu) and σ-donor (PPh3) ligands were also prepared in excellent yields. In this 
dissertation, cobalt (III) corrole complexes were applied to three different reaction areas: 
epoxidation, N-H insertion, and cyclopropanation. Cobalt(III) corroles were found to be 
efficient catalysts for epoxidation reactions. The epoxidation reactions can be carried out 
using ethyl phenyldiazoacetate, an acceptor/donor diazo compound, as a carbenoid precusor. 
The reaction provided highly diastereoselective epoxides. In addition to epoxidation, N-H 
insertion reactions using cobalt(III) corroles as catalysts smoothly produced the desired 
products with diverse diazo reagents. The reactions were screened using ethyl 
phenyldiazoacetate with a selection of anilines and amides. In order to investigate non-ylide 
intermediate based metal-mediated catalytic reactions, cyclopropanation was conducted using 
cobalt (III) corroles as catalysts, producing the desired cyclopropyl nitroesters in high yields 
and with excellent diastereoselectivity under a concerted mechanism. Asymmetric 
cyclopropanation reactions were carried out using chiral cobalt(III) corrole complexes to 
generate the enatiomerically pure desired cyclopropanes in moderate yields.
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CHAPTER 1 
 
INTRODUCTION 
 
Corroles are aromatic macrocycles that are found naturally as the skeletal structure of 
corrin and are structurally similar to the well-known porphyrin1). They deviate from the 
structure of the porphyrin with a direct pyrrole-pyrrole linkage, resulting in reduced 
symmetry, a smaller cavity, and the ability to support higher oxidation states (Figure 1.1).  
 
 
Figure 1.1.  Structure of  a) porphyrin, b) corrole, and c) corrin. 
 
One of the unique properties of corroles is the trianionic ligand, having one imino and 
three amino nitrogen atoms in the inner core. Therefore, corroles are different from 
corrins and porphyrins, which are monoanionic and dianionic ligands, respectively. In 
addition, corroles are more acidic than porphyrins and the anionic species is easily 
formed in organic solvents by adding bases1,2). UV/Vis spectroscopy study of corroles 
shows clear evidence of their aromaticity with an intense Soret band and weaker Q bands 
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(500-600 nm)3).  However, corrole chemistry has not been adequately developed due to 
the difficulty of practical synthesis. The first synthesis of the corrole was reported by 
Johnson and Kay in 19651), and the idea was to use a corrole as the precursor to the corrin 
ring; unfortunately this approach was unsuccessful. Thus, while corroles have been 
known for more than 40 years, research in the field has been slow in its development. In 
19994-6), there were two different research groups that reported a breakthrough synthetic 
method for corroles, allowing for a one-pot reaction procedure employing commercially 
available reagents. This method greatly improved upon the effeciency and practicality of 
the synthesis.  Furthermore, Vogel’s group discovered unexpected corrole complexes 
with high oxidation states through use of metal ions6).  
 
 
Fig 1.2. Number of corrole-related publications from 1955 to 2010. 
 
Since 1999, not only has the number of publications dramatically increased, new 
research areas for corroles have opened up due to the synthetic accessibility of the corrole 
(Fig. 1.2). In addition to these developments, numerous synthetic methodologies were 
also produced with the focus of improving yields. 
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With the ability to undergo metallation, the unique properties of corroles guide a huge 
impact on the formation of metallocorroles. Numerous different metal ions have been 
inserted into the corrole cavity. To date, a large library of binding arrangements has been 
assembled. A number of complexes of meso- as well as β-substituted corroles have been 
characterized with Fe(III)7,8), Fe(IV)9-11), Co(III)12-15), Mn(III, IV, V)9,16-17), Cr(V)18-20), 
Ru(III)21), Rh(III)8, 10), As(III, V)22), Sb(III, IV)22), Bi(III, IV)22), Ge(IV)8), Sn(IV)8), and 
were all developed within a short period of time. 
 
The documented applications of corroles are varied, yet highly specialized. One such 
example lies in the regions of group transfer catalytic reactions, specifically in the areas 
of cyclopropanation23), C-H insertion, N-H insertion24), and aziridination25). Additionally, 
corroles have been widely applied to the field of dye-sensitized solar cells (DSSCs)26), 
which can efficiently convert solar energy to electricity, and show great promise. Another 
well documented application is the corrole’s use in photodynamic therapy, where, 
compared with a variety of porphyrins, corroles demonstrated superior efficiency in 
inhibition of endothilial cell proliferation, as well as tumor progression and metastasis, in 
what remains the only in vivo investigation reported to date. However, in order to be 
applicable towards these medicinal uses, the corroles used need to be water soluble27). 
 
Despite being in its infancy, corrole chemistry is a fast developing field, with the number 
of devoted papers and research groups increasing every year. 
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Through the conduction of the experiments outlined in this dissertation, a comparative 
reactivity profile was able to be compiled from the resulting data, showing a clear 
difference in the chemistry of cobalt (II) porphyrins and cobalt (III) corroles, despite their 
structual similarity. The difference in reactivity was found to be a result of the differing 
electronic characters of their corresponding intermediates that form during the catalytic 
reactions, such as epoxidation, cyclopropanation, and N-H insertion. Through 
computational studies, the suspected metalloradical nature of the cobalt(II) porphyrin 
complex’s intermediate was confirmed by Bruin’s group. Due to its radical nature, Co(II) 
porphyrin’s intermediate has a nucleophilic character. Upon conducting the 
aforementioned catalytic reactions using cobalt(III) corroles, the difference in their 
reactivity compared to cobalt(II) porphyrins became quite evident. This is due to the 
cobalt (III) corrole’s intermediate exhibiting a much more electrophilic character with 
less of a radical nature, providing more of an effective site for attack by nucleophiles. 
This is well evidenced by the results of the epoxidation reactions that were conducted 
using both cobalt (III) corrole complexes and cobalt (II) porphyrin complexes. Changing 
the axial ligand of the corrole complex provided additional mechanistic insight by 
allowing for tuning of the cobalt center’s electron density, and therefore degree of 
electrophilicity. It was found that the inclusion of a pi-accepting axial ligand onto the 
corrole complex resulted in a more electron deficient cobalt center, and consequently, a 
more electrophilic intermediate. The effect of this was a smoother and more efficient 
epoxidation reaction because increased ease of attack on the intermediate by a 
nucleophile. By tuning the electronics of the cobalt center, we were able to create a more 
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suitable intermediate for this specific reaction. The ability to control the electronic 
properties of a given catalyst is a promising concept. 
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CHAPTER 2 
 
SYNTHESES OF CORROLES 
 
General introduction 
 
Optimization of corrole synthesis has been a challenge since the initial reports by Gross 
et al. and Paolese et al.4), providing one-pot syntheses of meso-substituted corroles from 
aldehydes and pyrrole. Average yields for corroles have improved by as much as 20%.  
Even though there has been dramatic progress in recent years, development on new 
methods improving upon the practicality and ease of corrole synthesis is still required28). 
Content in this chapter overviews the synthesis of the diverse library of bromine-
containing corroles using Gryko’s method29), and further demonstrates that 
bromocorroles are versatile precursors for the syntheses of heteroatom-functionalized 
chiral corroles via metal-catalyzed carbon-heteroatom cross-coupling reactions with soft, 
non-organometallic nucleophiles30). 
To date, there are several known ways to improve yields when synthesizing corroles. 
One such method is the condensation of pyrrole and aldehydes31), while another is an 
acid-catalyzed modification of the Rothemund reaction32). In addition to these two 
methods, the use of solvent-free conditions on a solid support has been reported as a 
possible way to increase yields4). However, the yields in both the Rothemund 
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modification and solvent free methodology are still relatively low, and need further 
modification to achieve better yields. In 2006, Gryko’s group published a corrole 
synthesis paper under new and efficient conditions, and with high yields. The method has 
a broad substrate scope, and allows for corroles bearing electron-donating groups. It has a 
simple two step procedure: precipitation of the intermediate compound--bilane--from 
dipyrromethane and aldehydes, followed by subsequent oxidation with p-chloranil to 
form the corrole macrocycle. 
 
Corrole sysnthesis 
 
All bromocorroles used in this work are derived from Gryko’s method29), which carries 
out all corrole reactions using a water-methanol mixture in the presence of HCl, 
condensing aldehydes with pyrrole in high yields (45-56%). There are three steps that are 
required to synthesize the diverse bromocorrole. The first step is to synthesize 2,6-
dibromobenzaldehyde from 1,3-dibromobenzene (Scheme 2.1). The desired product was 
obtained using lithium diisopropylamide (LDA) as a metalating agent to form 2,6-
dibromophenyllithium intermediates in THF at -75 oC, then corresponding 2,6-
dibrombenzaldehyde 1 was obtained in good yields after subsequent quenching with 
N’,N’-dimethylformamide (DMF). Introduction of an appropriate electrophile, DMF, and 
consistent low temperature are crucial factors to avoid the decomposition of the product 
and to prevent the formation of the side product, benzyne. 
 
 
10 
 
 
Scheme 2.1. Preparation of 2,6-dibrombenzaldehyde 1. via metalation of 1,3-
dibromobenzene 
 
Second step is to synthesize dipyrromethane 2 from 2,6-dibrombenzaldehyde 1 with 
excess pyrrole. In previous reports, several one-pot methods have been established by the 
condensation of aldehydes and pyrrole using various combinations of acids and solvents. 
In our experiment, we adopted Linsey’s method to synthesize the desired product, 
dipyrromethane 2 33). The procedure is based on trifluoroacetic acid (TFA) catalyzed 
condensation of the 2,6-dibromobenzaldehyde 1 with excess pyrrole, followed by 
evaporation of the reaction to remove excess pyrrole then purified by column in high 
yield ( up to 88%, Scheme 2.2). 
 
Scheme 2.2. Synthesis of dipyrromethane 2 
 
 In Linsey’s report, there are three products which cannot be avoided: the desired 
product (dipyrromethane 3), a side product (N-confused dipyrromethane 4), and a higher 
11 
 
oligomer compound, tripyrrane 5 (Figure 2.1)33). In the case of tripyrrane 5, it is easily 
removed by distillation. However, dipyrromethane and N-confused dipyrromethane 4 
share a similar structure; therefore, separating the two using a column is an arduous task 
that takes time. Under TLC study, N-confused dipyrromethane 4 can be easily observed 
as a distinctive brown coloration right under the dipyrromethane 3, which changes to a 
bright pink color in the presence of bromin vapor. 
 
 
Figure 2.1. Structure of dipyrromethane 3, N-confused dipyrromethane 4, tripyrrane 5 
  
The last step is to synthesize the desired corroles from a variable aldehyde with 
dipyrromethane 2 under the conditions of a water-methanol mixture in the presence of 
HCl (Scheme 2.3). Most corroles were obtained in high yields, especially those 
synthesized from dipyrromethanes bearing electron-withdrawing groups and neutral 
groups. Those with electron-donating groups, such as 2,6-dimethoxy benzaldehyde 8 and 
2,6-dithioethyl benzaldehyde 10, were obtained in decreased yields of 38% and 13%, 
respectively. 
In addition to producing corroles, porphyrins were also observed as a minor side product 
of the reaction, and were isolated by using a column with a trace amount of sample. 
Perhaps most importantly, this new Gryko method exhibits improved efficiency with less 
scrambling and side products as compared to previous meso-substituted corrole reports29). 
12 
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Scheme 2.3. Brominated corrole synthesis with dipyrromethane 2 and diverse aldehydes 
 
During the reaction, bilane 13, the corrole intermediate, can be precipitated and isolated 
from the solution mixture due to its poor solubility. The next step is performed by using a 
mild oxidizing reagent, p-chloranil, at room temperature overnight.  In concordance with 
previous studies, sterically-hindered bromo-containing dipyrromethane was condensed 
with aldehydes to obtain the product in good yields (up to 58 %, Scheme 2.4)  During our 
work with corrole synthesis, we have been focusing on the bromo-containing corroles, 
because not only does the electron-withdrawing group on the dipyrromethane produce 
higher yields and less scrambling, but because our group has extensively developed and 
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constructed chiral porphyrins from bromoporphyrin, which has proved itself an 
extensively useful precursor for the construction of heteroatom-functionalized porphyrins 
through the use of the Buchwald-Hartwig cross-coupling reaction. 
 
 
Scheme 2.4. Synthesis of various brominated corroles  
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Chiral corrole synthesis 
 
Following the techniques used in chiral porphyrin synthesis, syntheses of chiral corroles 
were carried out using bromocorroles, and by employing the same Pd catalyzed cross-
coupling methodology, with a slight modification of conditions. The quadruple carbon-
nitrogen bond formation reactions were accomplished in good yields with chiral 
cyclopropyl amide building blocks under mild conditions, forming a family of C2-
symmetric chiral corroles (Scheme 2.5).  
1. Pd(OAc)2, Xantphos, Cs2CO3
2. THF, 100oC, 4days
NH
N HN
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Scheme 2.5. Synthesis of chiral corroles  
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In addition to commerically available cyclopropyl amide, (s)-(-)-2-
methoxypropionamide and (s)-(+)-tetrahydro-furan-2-carboxylic acid amide were also 
employed in the cross-coupling in order to synthesize different chiral corroles. Quadruply 
coupled chiral corroles were obtained in high yields, but the NMR data gathered was 
convoluted, and not entirely consistent with the desired products. One probable 
explanation is that sterically bulkier groups, along with high temperature, might push the 
reaction towards racemization. 
 
Cobalt (III) corrole synthesis 
Cobalt (III) complexes of these chiral corroles were also prepared under reflux 
conditions for two hours in high yields (Scheme 2.6). Additionally, it was experimentally 
determined that axial ligands, PPh3 or CNtBu, could be used to tune the electronic 
character of the complex’s cobalt center through σ-donating effects, or π-accepting 
effects, respectively. This has useful implications regarding degree of control over the 
properties of the metal-carbene intermediate formed during the group transfer reactions, 
providing a tool by which to modify the reactivity of the intermediate to suite the specific 
reaction. 
 
Scheme 2.6. Synthesis of cobalt (III) corrole complexes 
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Conclusions 
 We successfully synthesized a diverse library of bromocorroles, showing compatibility 
with both electron-donating and electron-withdrawing groups on the aldehydes, along 
with good yields. The synthesis of chiral corroles was carried out utilizing our group’s 
established Pd-based cross-coupling methodology, and the corresponding products were 
successfully metalated with cobalt to form the corresponding chiral cobalt (III) corrole 
complexes. The capability of these complexes as catalysts will be examined via a diverse 
set of catalytic reactions, which will be sequentially addressed in chapters to follow. 
 
General information 
The reactions were employed under normal atmospheric conditions. All solvents were 
purchased from Sigma-Aldrich. Most benzaldehydes and all cross coupling reagents used 
were obtained from commercially available sources and were used without further 
purification. Benzaldehydes that were not commercially available, as well as the meso-
(2,6-dibromophenyl) dipyrromethane, were synthesized and purified using literature 
procedures. All cross-coupling and aziridination reactions were performed under nitrogen 
in oven-dried glassware following standard Schlenk techniques.  4 Å molecular sieves 
were dried in a vacuum oven prior to use. Tetrahydrofuran was distilled under nitrogen 
from sodium benzophenone ketyl immediately before use. Thin layer chromatography 
was completed using Merck TLC plates (silica gel 60 F 254). Flash column 
chromatography was performed with ICN silica gel (60 Å, 230-400 mesh, 32-63 μm). 
Proton and carbon nuclear magnetic resonance spectra (1H NMR and 13C NMR) were 
executed on a Varian Inova 400 (400 MHz) instrument using residual solvent peak as the 
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reference point. HRMS measurements were obtained using an Agilent 1100 LC/MS 
ESI/TOF mass spectrometer. Ultraviolet-visible spectra were measured with a Varian 
Carey 50 with Bio set. 
 
General procedure for synthesis of brominated corroles 
The brominated corroles were prepared using the procedure recently described by 
Kozarna and Gryko. 1 meso-(2,6-dibromphenyl) dipyrromethane (1 mmol) was dissolved 
with benzalehyde (0.5 mmol) in 100 mL methanol. Concentrated 37 % aqueous HCl (5 
mL in 50 mL H2O) was added to the reaction mixture. The mixture was allowed to stir 
for 2 hours. The bilane intermediate was extracted with chloroform and washed with 
water three times. The organic layer was dried with magnesium sulfate anhydrous and 
filtered. The resulting bilane solution was diluted to a volume of 250 mL chloroform 
before p-chloranil (1.5 mmol) was added and the bilane was allowed to oxidize overnight 
with stirring. A rotary evaporator was used to remove the chloroform solvent. 
Purification was performed by flash chromatography. The fractions containing pure 
corrole were dried using a rotary evaporator to yield the solid product. 
 
 
10-(3,5-ditertbutylphenyl)-5,15-(2,6-dibromophenyl)corrole  6.  
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The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 3:2) to yield the pure purple-blue corrole. Yield: 58 %  1H 
NMR (400 MHz, CDC13): δ 8.97 (d, J = 4 Hz, 2H), 8.60 (d, J = 4.8 Hz, 2H), 8.48 (d, J = 
4.4 Hz, 2H), 8.38 (d, J = 3.6 Hz, 2H), 8.01 (d, J = 1.6 Hz, 2H), 7.98 (d, J = 8 Hz, 4H), 
7.17 (t, 1H), 7.46 (t, 2H), 1.49 (s, 18H). 13C NMR (400 MHz, CDC13): δ 32.0, 35.3, 
113.6, 116.3, 121.0, 126.1, 127.8, 128.5, 129.8, 131.2, 131.9, 140.9, 141.1, 149.4. HRMS: 
APCI ([M+H])+ for C45H39Br4N4 Calcd. m/z 950.99027, Found 950.99005. UV-vis 
(CHCl3), λmax nm (log ε): 412(4.76), 428(4.71), 572(4.09), 612(3.99), 640(3.47). 
 
 
10-(4-tertbutylphenyl)-5,15-(2,6-dibromophenyl)corrole 7.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 3:2) to yield the pure purple-blue corrole. Yield: 54 %  1H 
NMR (400 MHz, CDC13): δ 8.99 (d, J = 4 Hz, 2H), 8.64 (d, J = 4.8 Hz, 2H), 8.50 (d, J = 
4.8 Hz, 2H), 8.40 (d, J = 4.0 Hz, 2H), 8.12 (d, J = 8 Hz, 2H), 8.01 (d, J = 8.4 Hz, 4H), 
7.74 (d, J = 8 Hz, 2H), 7.49 (t, 2H), 1.59  (s, 9H). 13C NMR (400 MHz, CDC13): δ 31.67, 
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34.80 116.09, 120.65, 124.09, 125.75, 127.40, 128.25, 130.46, 131.00, 131.73, 134.30, 
138.63, 139.63, 140.80, 142.23. HRMS: APCI ([M+H])+ for C41H31Br4N4 Calcd. m/z 
894.92767, Found 894.92576.  UV-vis (CHCl3), λmax nm (log ε): 412(4.84), 571(4.08), 
611(3.98), 638(3.71). 
 
 
10-(2,6-dimethoxyphenyl)-5,15-(2,6-dibromophenyl)corrole 8.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 3:2) to yield the pure purple-blue corrole. Yield: 38 %  1H 
NMR (400 MHz, CDC13): δ 8.90 (d, J = 4 Hz, 2H), 8.45 (d, J = 4.4 Hz, 2H), 8.42 (d, J = 
4.4 Hz, 2H), 8.32 (d, J = 4 Hz, 2H), 7.98 (d, 8.4 Hz, 4H), 7.69 (t, 1H), 7.47 (t, 2H), 6.99 
(d, 2H), 3.58 (s, 6H). 13C NMR (400 MHz, CDC13): δ 56.05, 104.30, 115.29, 118.85, 
120.02, 126.03, 126.59, 128.24, 129.96, 130.34, 130.87, 131.65, 133.84, 139.58, 140.93, 
142.80, 143.23, 160.53. HRMS: APCI ([M+H])+ for C39H27Br4N4O2 Calcd. m/z 
898.88620, Found 898.88523. UV-vis (CHCl3), λmax nm (log ε): 411(4.53), 530(4.62), 
568(3.72), 611(3.68), 636(3.59), 719(3.45). 
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10-phenyl-5,15-(2,6-dibromophenyl)corrole 9.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 3:2) to yield the pure purple-blue corrole. Yield: 50%  1H 
NMR (400 MHz, CDC13): δ 9.04 (d, J=4 Hz, 2H), 8.64 (d, J = 4.4 Hz, 2H), 8.55 (d, J = 
4.4 Hz, 2H), 8.44 (d, J = 4 Hz, 2H), 8.23 (m, 2H), 8.03 (d, J= 8.5 Hz, 4H), 7.76 (m, 3H), 
7.51 (t, 2H).13C NMR (400 MHz, CDC13): δ 112.2, 116.3, 121.0, 126.1, 127.4, 127.5, 
127.6, 128.4, 130.5, 131.3, 132.0, 134.3, 134.8, 141.0, 141.9. HRMS: APCI ([M+H])+ for 
C37H22Br4N4 Calcd. m/z 837.8575, UV-vis (CHCl3), λmax nm (log ε): 411(4.53), 
530(4.62), 568(3.72), 611(3.68), 636(3.59), 719(3.45). 
 
HNN
Br
Br
NH HN
Br
Br
O O
OO
 
10-(3,5-diesterphenyl)-5,15-(2,6-dibromophenyl)corrole 12.  
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The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, dichloromethane) 
to yield the pure purple-blue corrole. Yield: 50 %  1H NMR (500 MHz, CDC13): δ 9.09 (t, 
1H), 9.04 (d, J =4.5 Hz, 2H), 9.03 (d, J = 1.5 Hz, 2H), 8.56 (d, J = 5 Hz, 2H), 8.46 (d, J = 
5 Hz, 2H), 8.45 (b, 2H), 8.03 (d, J = 8 Hz, 4H), 7.53 (t, 2H), 4.40 (s, 6H).13C NMR (500 
MHz, CDC13): δ 52.76, 102.6, 109.5, 116.5, 126.8, 128.3, 129.9, 130.0, 131.3, 132.0, 
138.8, 140.7, 142.9, 148.3, 166.7. HRMS: APCI ([M+H])+ for C41H26Br4N4O4 Calcd. m/z 
953.8688, UV-vis (CHCl3), λmax nm (log ε): 411(4.53), 530(4.62), 568(3.72), 611(3.68), 
636(3.59), 719(3.45). 
 
 
10-(4-esterphenyl)-5,15-(2,6-dibromophenyl)corrole 11.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 3:1) to yield the pure purple-blue corrole. Yield: 53 %  1H 
NMR (500 MHz, CDC13): δ 9.03 (d, J =4.5 Hz, 2H), 8.58 (d, J = 4.5 Hz, 2H), 8.55 (d, J 
= 4.5 Hz, 2H), 8.43 (s, 2H), 8.43 (d, J = 4.5 Hz 2H), 8.30 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 
8.0 Hz, 4H), 4.11 (s, 3H).13C NMR (500 MHz, CDC13): δ 52.50, 110.9, 116.4, 126.6, 
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127.1, 128.3, 128.5, 129.3, 131.3, 131.9, 134.8, 140.8, 146.9, 167.6. HRMS: APCI 
([M+H])+ for C39H24Br4N4O2 Calcd. m/z 895.8633, UV-vis (CHCl3), λmax nm (log ε): 
411(4.53), 530(4.62), 568(3.72), 611(3.68), 636(3.59), 719(3.45). 
 
10-(2,6-Thioethylphenyl)-5,15-(2,6-dibromophenyl)corrole 10.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 2:3) to yield the pure purple-blue corrole. Yield: 13 %  1H 
NMR (500 MHz, CDC13): δ 8.91 (d, J =4 Hz, 2H), 8.45 (d, J = 4.5 Hz, 2H), 4.36 (d, J = 
4.5 Hz, 2H), 8.34 (d, J = 4 Hz, 2H), 8.00 (d, J = 8 Hz 4H), 7.68 (t, J = 8.5 Hz, 1H), 7.49 
(t, 4H), 2.75 (q, 4H), 1.02 (t, 6H).13C NMR (500 MHz, CDC13): δ 13.7, 27.3, 106.8, 
115.7, 120.6, 122.9, 126.0, 126.8, 128.5, 129.2, 131.0, 131.1, 131.9, 134.2, 138.6, 140.9, 
142.6. HRMS: APCI ([M+H])+ for C41H30Br4N4O2 Calcd. m/z 957.8645, UV-vis (CHCl3), 
λmax nm (log ε): 411(4.53), 530(4.62), 568(3.72), 611(3.68), 636(3.59), 719(3.45). 
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10-(3,5-ditertbutylphenyl)-5,15-(-(2,6-(2,2-dimethylcyclopropylcarboxylicamido)-
benzene) corrole 14.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, ethyl 
acetate/hexanes, 1:3) to yield the pure purple-blue corrole. Yield: 70 %  1H NMR (400 
MHz, CDC13): δ 9.08 (d, J = 2.4 Hz, 2H), 8.72 (b, 2H), 8.67 (b, 2H), 8.52 (b, 2H), 8.38 
(b, 4H), 7.98 (s, 2H), 7.79 (s, 1H), 7.72 (t, 2H), 6.78 (b, 4H), 1.51 (s, 18H), 0.89 (s, 12H), 
0.55-0.65 (b, 4H), 0.05-0.26 (m, 20H).13C NMR (400 MHz, CDC13): δ 18.5, 20.3, 22.4, 
26.5, 29.4, 31.9, 35.2, 114.7, 117.6, 121.7, 126.7, 129.0, 129.7, 130.4, 135.2, 139.1, 140.1, 
149.9, 169.7. HRMS: APCI ([M+H])+ for C69H78N8O4 Calcd. m/z 1082.6146, UV-vis 
(CHCl3), λmax nm (log ε): 412(4.76), 428(4.71), 572(4.09), 612(3.99), 640(3.47). 
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10-(4-tertbutylphenyl)-5,15-(2,6-(2,2-dimethylcyclopropylcarboxylicamido)-benzene) 
corrole 15.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 3:2) to yield the pure purple-blue corrole. Yield: 50 %  1H 
NMR (400 MHz, CDC13): δ 9.00 (b, 2H), 8.71 (b, 2H), 8.56 (b, 2H), 8.41 (b, 2H), 8.04 
(b, 2H), 7.80 (b, 2H), 7.63 (b, 2H), 6.40-6.95 (b, 4H), 1.61  (s, 9H), 1.21-1.25 (m, 4H), 
0.62-1.06 (b, 12H), 0.07-0.29 (b, 20H). 13C NMR (400 MHz, CDC13): δ 18.2, 20.2, 22.2, 
26.1, 26.3, 29.0, 31.6, 117.1, 121.6, 124.4, 126.3, 128.6, 130.1, 134.3, 137.9, 138.7, 150.8, 
169.5. HRMS: APCI ([M+H])+ for C65H70N8O4 Calcd. m/z 1026.5520, UV-vis (CHCl3), 
λmax nm (log ε): 412(4.84), 571(4.08), 611(3.98), 638(3.71). 
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10-(2,6-dimethoxyphenyl)-5,15-(2,6-(2,2-dimethylcyclopropylcarboxylicamido)-
benzene) corrole.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 3:2) to yield the pure purple-blue corrole. Yield: 63 %  1H 
NMR (400 MHz, CDC13): δ 9.03 (d, J = 4.4 Hz, 2H), 8.61 (b, 2H), 8.56 (d, J = 4.4 Hz, 
2H), 8.52 (b 2H), 8.42 (b, 4H), 7.74 (t, 2H), 7.02 (d, 2H), 7.74 (t, 3H), 6.75-6.89 (b, 4H), 
3.55 (s, 6H), 0.95 (s, 12H), 0.70 (b, 4H), 0.05-0.34 (m, 20H). 13C NMR (400 MHz, 
CDC13): δ 18.5, 20.5, 22.5, 26.5, 29.5, 56.2, 104.5, 117.0, 117.4, 122.1, 127.1, 128.3, 
130.4, 130.8, 139.1, 160.3, 169.7. HRMS: APCI ([M+H])+ for C63H66N8O6 Calcd. m/z 
1030.5105, UV-vis (CHCl3), λmax nm (log ε): 411(4.53), 530(4.62), 568(3.72), 611(3.68), 
636(3.59), 719(3.45). 
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10-phenyl-5,15-(2,6-(2,2-dimethylcyclopropylcarboxylicamido)-benzene) corrole 17. 
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, ethyl 
acetate/hexanes, 1:3) to yield the pure purple-blue corrole. Yield: 57 %  1H NMR (400 
MHz, CDC13): δ 9.02 (b, 2H), 8.67 (b, 4H), 8.55 (b, 2H), 8.38 (b 4H), 8.10 (b, 2H), 
7.71-7.76 (m, 5H), 6.77 (b, 4H), 0.83 (b, 12H), 0.46-0.62 (m, 4H), -0.19-0.02 (m, 20H). 
13C NMR (400 MHz, CDC13): δ 18.4, 20.5, 22.5, 26.5, 29.3, 113.3, 117.5, 122.1, 126.7, 
127.7, 128.2, 128.7, 130.4, 134.6, 139.0, 141.1, 169.7. HRMS: APCI ([M+H])+ for 
C61H62N8O4 Calcd. m/z 970.4894, UV-vis (CHCl3), λmax nm (log ε): 411(4.53), 
530(4.62), 568(3.72), 611(3.68), 636(3.59), 719(3.45). 
 
27 
 
 
10-(3,5-diesterphenyl)-5,15-(2,6-(2,2-dimethylcyclopropylcarboxylicamido)-benzene) 
corrole 20.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, ethyl 
acetate/hexanes, 1:3) to yield the pure purple-blue corrole. Yield: 50 %  1H NMR (500 
MHz, CDC13): δ 9.02 (b, 2H), 8.92 (s, 1H), 8.63 (b, 2H), 8.48 (b 4H), 8.35 (b, 4H), 8.64 
(t, 2H), 6.77 (b, 4H), 3.96 (s, 6H), 1.23 (s, 12H), 0.65 (b, 4H), 0.03-0.30 (m, 20H). 13C 
NMR (500 MHz, CDC13): δ 18.4, 20.4, 22.5, 26.4, 26.5, 29.9, 52.8, 110.5, 117.95, 122.0, 
127.40, 127.9, 130.2, 130.3, 130.4, 135.2, 138.8, 142.1, 166.4, 169.7. HRMS: APCI 
([M+H])+ for C65H66N8O8 Calcd. m/z 1086.5004, UV-vis (CHCl3), λmax nm (log ε): 
411(4.53), 530(4.62), 568(3.72), 611(3.68), 636(3.59), 719(3.45). 
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10-(4-esterphenyl)-5,15-(2,6-(2,2-dimethylcyclopropylcarboxylicamido)-benzene) 
corrole 19.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, ethyl 
acetate/hexanes, 1:3) to yield the pure purple-blue corrole. Yield: 51 %  1H NMR (500 
MHz, CDC13): δ 9.03 (b, 2H), 8.55-8.58 (dd, 4H), 8.42-8.44 (m, 4H), 8.31 (b 2H), 8.03 
(b, 4H), 7.52 (t, 2H), 4.11 (s, 3H), 1.23 (s, 12H), 0.65 (b, 4H), 0.03-0.30 (m, 20H). 13C 
NMR (500 MHz, CDC13): δ 18.4, 20.4, 22.5, 26.4, 26.5, 29.9, 52.8, 110.5, 117.95, 122.0, 
127.40, 127.9, 130.2, 130.3, 130.4, 135.2, 138.8, 142.1, 166.4, 169.7. HRMS: APCI 
([M+H])+ for C63H64N8O6 Calcd. m/z 1028.4949, UV-vis (CHCl3), λmax nm (log ε): 
411(4.53), 530(4.62), 568(3.72), 611(3.68), 636(3.59), 719(3.45). 
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10-(2,6-Thioethylphenyl)-5,15-(2,6-(2,2-dimethylcyclopropylcarboxylicamido)-
benzene) corrole 18.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 2:3) to yield the pure purple-blue corrole. Yield: 13 %  1H 
NMR (400 MHz, CDC13): δ 8.96 (d, J = 4 Hz, 2H), 8.58 (d, J = 3.6 Hz, 2H), 8.46 (b, 2H), 
8.40 (d, J=4.8 Hz, 2H), 8.35 (b, 4H), 7.64-7.71 (m, 3H), 7.41 (d, 2H), 6.72-6.93 (d, 4H), 
2.66 (q, 4H), 0.94 (b, 6H), 0.87 (s, 12H), 0.67 (b, 4H), 0.00-0.31 (m, 20H). 13C NMR 
(400 MHz, CDC13): δ 13.8, 18.5, 18.6, 20.6, 26.6, 26.7, 29.6, 104.1, 107.8, 117.2, 117.3, 
122.6, 127.6, 129.8, 130.5, 131.1, 135.0, 137.1, 139.0, 139.1, 142.1, 169.8. HRMS: APCI 
([M+H])+ for C65H70N8O4S2 Calcd. m/z 1090.4961, UV-vis (CHCl3), λmax nm (log ε): 
411(4.53), 530(4.62), 568(3.72), 611(3.68), 636(3.59), 719(3.45). 
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CHAPTER 3 
 
COBALT CORROLE CATALYZED EPOXIDATION REACTIONS OF 
ALDEHYDES WITH ETHYL PHENYLDIAZOACETATE 
 
General introduction 
In the extensive field of metal-mediated ylide formation, there have been relatively few 
demonstrations where epoxide formations were achieved through an approach utilizing 
carbonyl ylides derived from diazocarbonyl compounds35). Huisgen reported the formation 
of oxirane from the reaction of dimethyl diazomalonate with benzaldehyde with only 7% 
yield using Cu(acac)2 as a metal source at a high temperature (125oC) 36). When CuOTf was 
employed as a catalyst, only 1,3-dipolar addition products were obtained37).   Recently, 
Doyle and Davies’ groups reported epoxidation via ylide intermediates, using rhodium(II) 
acetate as a catalyst to react ethyl phenyldiazoacetate with various aldehydes in good yields 
(Scheme 3.1) 38).  Traditionally, ethyl diazoacetate has been commonly used, but the use of 
recent diverse diazocompounds has demonstrated what a huge impact that the substrate 
may play on the reaction outcome. Particularly, the combination of dirhodium (II) and 
ethyl phenyldiazoacetates was used to generate metal-carbenoids, producing high 
diastereo- and chemoselectivity. However, the reactions needed slow addition in order to 
avoid dimerization of ethyl phenyldiazoacetate, and additionally, reflux conditions were 
required to generate the desired compounds unless using a mixture of solvents. 
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Scheme 3.1. General mechanism of epoxidation using Rh(OAc)2 
To synthesize the target epoxide compounds, both groups chose ethyl 
phenyldiazoacetate as a diazo source, and treated a series of aromatic aldehydes. Electron 
rich or electron deficient functionalities were smoothly accommodated on the methyl 
phenyl diazoacetate, and produced the desired products in up to 85% yield (Table 3.1). 
Aldehyde substrate scopes are limited in regards to the aromatic aldehydes. 
 
Table 3.1. Reaction of phenyl diazoacetate with aldehydes 
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However, Davies group could not observe any asymmetric induction in these reactions 
due to the initial formation of ylide intermediates. In an attempt to circumvent the 
limitations associated with the use of these diazocompounds, research efforts are constantly 
growing towards the development of alternative new metal catalysts 39). 
Inspired by the natural catalytic capabilities of heme-containing enzymes, researchers 
have given increased attention to metalloporphyrins in recent years regarding their 
syntheses, characterization, and applications40).  Some of these macrocycles form 
complexes with metal ions, which due to alteration of the ligand’s structure, possess quite 
different properties as compared to their analogous metalloporphyrins41). The most 
attractive ligands are corroles, which have one less carbon on the meso-position compared 
to porphyrins, and may also be considered the aromatic versions of corrin-cobalt’s ligand in 
Vitamin B1242). In comparison to porphyrins, corroles are more acidic and can stabilize 
higher oxidation states due to their trianionic character43). These two properties have some 
remarkable effects on the coordination chemistry of the corrole metal complexes. The Zeev 
group reported metallocorroles as good potential catalysts for epoxidation of olefins, 
hydroxylation of alkanes, cyclopropanation of alkenes, C-H insertion, N-H insertion of 
anilines, and aziridination44). In the epoxidation chapter, Mn and Fe corrole complexes 
catalyzed epoxidation of sytrene by iodosylbenzene. Mn(III) corrole complexes obtained 
more of the desired product (77% epoxide and 12% aldehyde) than Fe(IV) corrole 
complexes (66% epoxide and 21% aldehyde) 39). However there is no report so far of the 
use of cobalt-based corrole complexes for the catalyzying of the reaction of diazoacetates 
with aldehydes to generate epoxide compounds. 
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Epoxidation reactions using cobalt (III) corroles as a catalyst 
 
According to previous studies, ethyl phenyldiazoacetate might be an effective carbene 
source for Co (III)-catalyzed intermolecular epoxidation via ylide intermediate (Scheme 
3.1). Initial attempts were focused on the comparative evaluation of Co (II) porphyrins and 
Co (III) corroles for their ability to catalyze the epoxidation of aldehydes with ethyl 
phenyldiazoacetates.  
 
 
Scheme 3.2. Epoxidation reactions of aldehydes with diazo reagent 
 
Various Co(II) porphyrins were found to be ineffective for epoxidation with ethyl 
phenyldiazoacetate and aldehyde. These results are due to the metal-carbene’s electric 
property: the oxygen atom on the aldehyde finds difficulty in attacking the carbon atom at 
the site of the metal-carbene intermediate, due to it having a less electrophilic character. As 
expected, [Co(P2)] also showed the same result as [Co(P1)] because of the electronic 
property of the intermediate metal-carbene complex, despite its structural similarities to 
[Co(C1)PPh3]. On the other hand, [Co(C1)PPh3] turned out to be an effective catalyst for 
epoxidation with ethyl phenyldiazoacetate, producing high yields. [Co(C1)CNtBu], which 
has a different axial ligand, also shared similar results with [Co(C1)PPh3]. 
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Fig. 3.1 Structures of metalloporphyrin and corrole catalysts. 
 
Unlike Co (II) porphyrin complexes, Co(III) corrole complexes have a higher oxidation 
state, increasing the electrophilicity of the metal-carbene intermediate that is formed, and 
thereby making it easier for the oxygen on the aldehyde to attack the site. These results 
indicate that the electric property of the metal-carbene is an important factor in the 
conduction of catalytic reactions through an ylide intermediate. 
At the outset of the project, benzaldehyde was selected as an ideal substrate for reaction 
with ethyl phenyldiazoacetate to effectively carry out the metal catalyzed epoxidation 
process. The epoxidation of benzaldehyde with ethyl phenyldiazoacetate could be 
successfully catalyzed using 1.5 mol % [Co(C1)PPh3] at 40 oC in dichloromethane without 
slow addition, forming the corresponding epoxide compound in 82 % yield via ylide 
intermediate (Scheme 3.3, entry 3). No significant improvement was obtained using higher 
catalyst loading and a longer reaction time (Scheme 3.3, entries 9, 10). Other solvents such 
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as toluene, ethyl acetate, chlorobenzene, and hexane were also effectively utilized for the 
reaction, producing 64%, 53%, 64%, and 27% yields, respectively (Scheme 3.3, entries 5, 6, 
7, and 8). The control reaction, using just PPh3, produced no results (Scheme 3.3, entry 11). 
 
entry catalyst solvent temp
(oC)
yield
(%)a
R1
O
O
R2
N2
R1
O O
R2
OH O[Co(L)]
N2
time
(h)
mol
(%)
1 [Co(P1)] CH2Cl2 40 20 01.5
2 CH2Cl2 40 20 01.5
3 [Co(C1)PPh3] CH2Cl2 40 20 821.5
4 CH2Cl2 40 20 901.5
5 C6H5Me 40 20 641.5
6 EtoAc 40 20 531.5
7 C6H5Cl 40 20 641.5
8 Hexane 40 20 271.5
11 PPh3 CH2Cl2 40 20 01.5
[Co(P2)]
[Co(C1)tBuNC]
9 CH2Cl2 40 20 813
10 CH2Cl2 40 40 801.5
[Co(C1)PPh3]
[Co(C1)PPh3]
[Co(C1)PPh3]
[Co(C1)PPh3]
[Co(C1)PPh3]
[Co(C1)PPh3]
a: isolated yield
solvents
 
Scheme 3.3. Epoxidation of aldehydes with ethyl phenyldiazoacetate 
 by metallocorroles 
 
At the outset of the project, benzaldehyde was selected as an ideal substrate for reaction 
with ethyl phenyldiazoacetate to effectively carry out the metal catalyzed epoxidation 
process. The epoxidation of benzaldehyde with ethyl phenyldiazoacetate could be 
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successfully catalyzed using 1.5 mol % [Co(C1)PPh3] at 40 oC in dichloromethane without 
slow addition, forming the corresponding epoxide compound in 82 % yield via ylide 
intermediate (Scheme 3.3, entry 3).  
Based on the catalytic conditions that were optimized for the epoxidation of 
benzaldehyde, the scope of the [Co(C1)PPh3]/phenyldiazoacetate-based catalytic system 
was then investigated using different substrates (Table 3.1). When groups with more steric 
bulk, such as ethyl and methyl groups, were introduced onto the ortho position of the 
benzaldehyde, the resulting substrates also successfully formed their corresponding 
epoxide compounds (See Table 3.1, 24, 25). Similarly, the para-substituted benzaldehydes 
with electron donating groups also selectively proceeded with the diazo to provide the 
desired epoxide compounds 22 and 26 in 85% and 81% yields, respectively (Table 3.2, 
entries 2, 6). However, epoxidation of 2,6-dimethoxy benzaldehyde gave the desired 
product, 28, in a much lower yield,  presumably  due to steric hindrance (Table 3.1, entry 
8). On the other hand, 3,5-dimethoxy benzaldehyde exhibited far increased yields due to 
lack of steric hindrance (Table 3.1, entry 7). All electron-withdrawing benzaldehyde 
derivatives, regardless of substituent position, readily decomposed the ethyl 
phenyldiazoacetate,  subsequently forming the desired epoxide compound in yields of 81%, 
77%, 81%, and 81%, respectively (Table 3.1, entry 9-12). Heteroatom-based aromatic 
aldehydes could be properly epoxidated with ethyl phenyldiazoacetate, producing their 
corresponding epoxide compounds (Table 3.1, entries 14, 15, and 16). 
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Table 3.2. Co(III) corrole-catalyzed intermolecular epoxidation reactions a) 
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a).Performed with 1.5 mol% of [Co(C1)PPH3] for 20h in DCM at 40oC under N2 and substrate: diazo = 
1:1.2. b) isolated yields. 
 
 An example of a conjugated cinnamaldehyde was also shown to form its respective 
epoxide compound in 95% yield (Table 3.1, entry 13). Oxygen based 2 and 3-furanyl 
aldehydes also produced the desired products 35, 36 respectively. In the case of nitrogen 
based pyrrole aldehyde (entry 16), initially the reaction solution mixture turned green, 
indicating catalyst poisoning due to a probable binding with the catalyst’s cobalt center. To 
support this concept, a Boc group was attached on the nitrogen, and then the desire product 
36, was successfully obtained. A noteworthy aspect of these experiments is the 
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diastereoselectivity: all of the epoxide compounds formed exhibited only Z-configuration, 
demonstrating the high selectivity of this reaction. An X-ray structure of the product was 
obtained from the reaction of the ethyl p-bromo phenyldiazoacetate with benzaldehyde 
(Figure 3.2).  
 
 
Fig 3.2. Crystal structure of Ethyl 2(4-bromophenyl)-3-phenyloxirane-2-barboxylate 37. 
However, further work remains to be done in the reaction of aliphatic aldehyde 
substrates, as the final resulting mixture of the reaction was complicated and produced 
difficulties with isolation of the desired product. Additionally, we attempted asymmetric 
induction using several chiral cobalt(III) corrole complexes, however, our attempts were 
unsuccessful, coinciding with the results of Davies’ group. Based on the observed 
experimental results, it can be expected that increasing the electrophilicity of the cobalt 
center will lead to improved yields. For example, [Co(C1)CNtBu] has a more electrophilic 
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cobalt center as compared to [Co(C1)PPh3] due to the CNtBu ligand acting as a π-acceptor. 
Surprisingly, the most bulky epoxide compound, 28, smoothly formed the desired product 
when using the tBuNC group was used as the axial ligand.  Consequently, [Co(C1) CNtBu] 
was shown to be a more effective catalyst, consistently producing better yields than 
[Co(C1)PPh3] (Table 3.2). 
 
Table 3.3. Axial ligand effects on epoxidation reactions a) 
 
a Reactions were performed with 1.5 mol % of [Co(C1)PPh3] or [Co(C1)CNtBu] for 20 h in DCM at  
40oC under N2. All compounds are isolated yields. 
 
However, electron withdrawing groups on the substrate can result in a competing 
reaction involving dimerization in addition to the desired product. This is due to the 
increased electrophilicity on the metal carbene intermediate (Scheme. 3.4). 
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Scheme 3.4. Proposed mechanism of epoxidation reaction using Co (III) corrole  
 
Conclusions 
In summary, our conclusions in the assessment of Co (II) porphyrins versus Co(III) 
corroles, revealed that corrole complexes emerge as superior catalysts for the epoxidation 
reactions of aldehydes via carbonyl ylide intermediates. This was found to be a 
consequence of the differing electronic properties of the metal carbene intermediates 
formed by the two different complexes, with the latter producing a more electrophilic, and 
therefore more suitable, carbene for attack by the aldehyde. Through careful 
experimentation, we have developed a general and excellent Z-selective epoxidation 
process with ethyl phenyldiazoacetate, catalyzed by [Co(C1)PPh3] in high yields, and with 
innocuous nitrogen gas as the by-product. This represents the first highly effective catalytic 
system for epoxidation using cobalt corrole as a catalyst. Efforts are underway to expand 
the substrate scope to include nonaromatic aldehydes and to develop its asymmetric 
variants. 
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General information 
All reactions were carried out under a nitrogen atmosphere in oven-dried glassware 
following standard Schlenk techniques. Dichloromethane was distilled under nitrogen from 
calcium hydride. Thin layer chromatography was performed on Merck TLC plates (silica 
gel 60 F254). Flash column chromatography was performed with ICN silica gel (60 Å, 230-
400 mesh, 32-63 μm). Proton and carbon nuclear magnetic resonance spectra (1H NMR and 
13C NMR) were recorded on Varian 400-MHz instrument and referenced with respect to 
internal TMS standard. Infrared spectra were measured with a Nicolet Avatar 320 
spectrometer with a Smart Miracle accessory. HRMS data was obtained on an Agilent 1100 
LC/MS ESI/TOF mass spectrometer with electrospray ionization.  
 
General procedure for Co (III) corrole 
The bromocorroles were prepared using the procedure recently described by Kozarna 
and Gryko1). 1 meso-(2,6-dibromphenyl) dipyrromethane (1 mmol) was dissolved with 
benzaldehyde (0.5 mmol) in 100 mL methanol. Concentrated 36 % aqueous HCl (5 mL in 
50 mL H2O) was added to the reaction mixture. The mixture was allowed to stir for 2 
hours. The bilane intermediate was extracted with chloroform and washed with water 
three times. The organic layer was dried with magnesium sulfate anhydrous and filtered. 
The resulting bilane solution was diluted to a volume of 250 mL chloroform before p-
chloranil (1.5 mmol) was added and the bilane was allowed to oxidize overnight with 
stirring. A rotary evaporator was used to remove the chloroform solvent. Purification was 
performed by flash chromatography. The fractions containing pure corrole were dried 
using a rotary evaporator to yield the solid product. 
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10-(3,5-ditertbutylphenyl)-5,15-(2,6-dibromophenyl)corroles 6.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 2:3, 0.75 % isopropanol) to yield the pure purple-blue corrole. 
Yield: 50 %  1H NMR (400 MHz, CDC13): δ 9.00 (d, J = 4 Hz, 2H), 8.64 (d, J = 4.8 Hz, 
2H), 8.52 (d, J = 4.4 Hz, 2H), 8.41 (d, J = 3.6 Hz, 2H), 8.0 (d, J = 1.6 Hz, 2H), 8.01 (d, J 
= 8.0 Hz, 4H), 7.74 (t, 1H), 7.49 (t, 2H), 1.52 (s, 18H). 13C NMR (400 MHz, CDC13): δ 
31.7, 113.4, 116.0, 120.7, 125.8, 127.5, 128.2, 129.5, 130.9, 131.7, 140.6, 149.2, 207.8. 
HRMS: APCI ([M+H])+ for C45H39Br4N4 Calcd. m/z 950.99027, Found 950.99005. UV-
vis (CHCl3), λmax nm (log ε): 412(4.76), 428(4.71), 572(4.09), 612(3.99), 640(3.47). 
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N
N N
N
Br
Br
Br
Br
Co
PPh3  
Co (III) corrole.  
The general cobalt(III)corrole was synthesized under reflux during 2 hours using MeOH 
as a solvent. The crude cobalt(III)corrole was purified by flash column chromatography 
(silica gel, EtOAc/hexanes, 1:5) to yield the pure reddish Co(III)corrole. Yield: 92 %  1H 
NMR (400 MHz, CDC13): δ 8.35 (d, J = 4.8 Hz, 2H), 8.30 (d, J = 4.8 Hz, 2H), 8.14 (s, 
1H), 8.00 (d, J = 4.8 Hz, 2H), 7.50 (m, 8H), 7.29 (t, J = 8.0 Hz, 2H), 6.95 (t, 3H), 6.63 (t, 
6H), 5.02 (t, 6H), 1.52 (s, 12H), 1.44 (s, 6H). 13C NMR (400 MHz, CDC13): δ 150.0, 
149.2, 14.2, 146.0, 144.6, 143.1, 142.3, 136.1, 131.8, 131.7, 131.5, 130.4, 129.4, 127.5, 
127.4, 127.3, 126.6, 126.4, 125.8, 124.8, 122.7, 122.2, 120.9, 120.7, 31.98, 31.90. HRMS: 
APCI ([M+H])+ for C45H39Br4N4 Calcd. m/z 950.99027. 
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Experimental data for epoxidation reactions  
Schlenk tube dried in an oven for 24 h. Catalyst (1.5 mol %) was placed in this tube, 
which was capped with a Teflon screwcap, evacuated, and backfilled with nitrogen. The 
screwcap was replaced with a rubber septum, and aldehyde (0.2 mmol) was added via 
syringe, followed by 1.2 equivalents diazocompound. The tube was purged with nitrogen 
for 1 min. The rubber septum was replaced with a screwcap. The reaction was performed 
at 40 0C for 24h. After the reaction finished, the resulting mixture was purified directly 
by flash silica gel chromatography to give the product.  
 
O
O
O  
Ethyl 2,3-diphenyloxirane-2-carboxylate 21.  
1H NMR (400 MHz, CDCl3): δ 7.63 (d, 2H), 7.30-7.40 (m, 8H), 4.14 (s, 1H), 3.97-4.02 
(m, 2H), 0.96 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.8, 135.0, 134.0, 130.3, 128.9, 
128.7, 128.4, 126.4, 126.2, 67.0, 65.9, 61.6, 14.0. HRMS (ESI) ([M+H]+) Calcd. for 
C17H16O3: 269.1178, Found 269.1194. 
 
 
O
O
O  
Ethyl 2-phenyl-3-o-tolyloxirane-2-carboxylate 24.  
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1H NMR (400 MHz, CDCl3): δ 7.71 (d, 2H), 7.37-7.44 (m, 4H), 7.13-7.24 (m, 3H), 4.16 
(s, 1H), 3.86-3.96 (m, 2H), 2.39 (s, 3H), 0.86 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 
167.0, 136.3, 135.0, 132.4, 129.7, 128.9, 128.7, 128.4, 126.5, 125.8, 125.7, 66.0, 64.6, 
61.5, 19.0, 13.7. HRMS (ESI) ([M+H]+) Calcd. for C18H18O3: 283.1334, Found 283.1338. 
 
O
O
O
Br  
Ethyl 3-(2-bromophenyl)-2-phenyloxirane-2-carboxylate) 30.  
1H NMR (400 MHz, CDCl3): δ 7.37-7.75 (m, 2H), 7.53 (d, 1H), 7.50 (d, 1H), 7.37-7.43 
(m, 3H), 7.32 (t, 1H), 7.19 (t, 1H), 4.30 (s, 1H), 3.83-4.01 (m, 2H), 0.87 (t, 3H). 13C 
NMR (62.9 MHz, CDCl3): δ 166.5, 134.6, 133.6, 132.1, 129.9, 128.9, 128.85 128.1, 
127.2, 127.0, 122.6, 66.4, 65.0, 61.5, 13.7. HRMS (ESI) ([M+H]+) Calcd. for C17H15BrO3: 
347.0283, Found 347.0265. 
 
O
O
O
 
Ethyl 3-(2-ethylphenyl)-2-phenyloxirane-2-carboxylate 25. 
 1H NMR (400 MHz, CDCl3): δ 7.69 (d, 2H), 7.37-7.45 (m, 4H), 7.24 (d, 1H), 7.19 (t, 
2H), 4.21 (s, 1H), 3.85-3.98 (m, 2H), 2.73 (q, 2H), 1.26(t, 3H), 0.88 (t, 3H). 13C NMR 
(62.9 MHz, CDCl3): δ 166.8, 142.3, 135.0, 131.5, 128.8, 128.7, 128.5, 127.8, 126.3, 
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125.7, 125.6, 66.2, 64.4, 61.4, 25.5, 14.6, 13.9. HRMS (ESI) ([M+H]+) Calcd. for 
C19H20O3: 297.1491, Found 297.1477. 
 
O
O
O
 
Ethyl 2-phenyl-3-m-tolyloxirane-2-carboxylate 23.  
1H NMR (400 MHz, CDCl3): δ 7.64 (d, 2H), 7.43-7.41 (m, 3H), 7.18-7.25 (m, 3H), 7.11 
(d, 1H), 4.10 (s, 1H), 3.98-4.06 (m, 2H), 2.34 (s, 3H), 0.99 (t, 3H). 13C NMR (62.9 MHz, 
CDCl3): δ 166.9, 138.2, 135.1, 134.0, 129.6, 129.0, 128.8, 128.5, 126.9, 126.4, 123.4, 
67.1, 64.4, 66.1, 61.6, 21.6, 14.2. HRMS (ESI) ([M+H]+) Calcd. for C18H18O3: 283.1334, 
Found 283.1323. 
 
O
O
O
O
O
 
Ethyl 3-(3,5-dimethoxyphenyl)-2-phenyloxirane-2-carboxylate 27. 
 1H NMR (400 MHz, CDCl3): δ 7.62 (d, 2H), 7.35-7.41 (m, 3H), 6.55 (d, 2H), 6.39 (t, 
1H), 3.99-4.10 (m, 3H), 3.76 (s, 6H), 1.03 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.6, 
136.2, 134.8, 132.0, 128.9, 128.6, 128.0, 126.2, 103.9, 101.1, 66.9, 65.8, 61.7, 61.5, 55.4, 
14.0. HRMS (ESI) ([M+H]+) Calcd. for C19H20O5: 329.1389, Found 329.1398. 
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O
O
O
O
O
 
Ethyl 3-(2,6-dimethoxyphenyl)-2-phenyloxirane-2-carboxylate 28. 
 1H NMR (400 MHz, CDCl3): δ 7.71 (d, 2H), 7.31-7.87 (m, 3H), 7.21 (t, 1H), 7.52 (d, 
1H), 4.02 (s, 1H), 3.81-3.96 (m, 7H), 0.82 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 168.7, 
159.2, 136.2, 129.9, 128.3, 128.1, 127.8, 111.0, 103.7, 101.1, 62.9, 61.2, 60.4, 56.0, 13.8, 
13.7. HRMS (ESI) ([M+H]+) Calcd. for C19H20O5: 329.1389, Found 329.1446. 
 
O
O
O
 
Ethyl 3-(4-tert-butylphenyl)-2-phenyloxirane-2-carboxylate 22.  
1H NMR (400 MHz, CDCl3): δ 7.63 (d, 2H), 7.31-7.40 (m, 8H), 4.12 (s, 1H), 3.95-4.08 
(m, 2H), 1.29 (s, 9H), 0.92 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.8, 151.7, 135.0, 
130.9, 128.8, 128.6, 127.3, 126.3, 125.9, 125.5, 125.2, 66.8, 65.8, 61.4, 34.7, 31.4, 13.8. 
HRMS (ESI) ([M+H]+) Calcd. for C21H24O3: 325.1804, Found 325.1793. 
 
O
O
O
Cl  
Ethyl 3-(4-chlorophenyl)-2-phenyloxirane-2-carboxylate 29.  
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1H NMR (400 MHz, CDCl3): δ 7.59-7.61 (m, 2H), 7.31-7.38 (m, 7H), 4.08 (s, 1H), 3.97-
4.084 (m, 2H), 1.00 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.5, 134.6, 132.6, 129.1, 
128.8, 128.7, 127.7, 67.0, 65.2, 61.7, 14.1. HRMS (ESI) ([M+H]+) Calcd. for C17H15ClO3: 
303.0788, Found 303.0787. 
 
O
O
O
Br  
Ethyl 3-(4-bromophenyl)-2-phenyloxirane-2-carboxylate 31.  
1H NMR (400 MHz, CDCl3): δ 7.59-7.61 (m, 2H), 7.46 (d, 2H), 7.33-7.40 (m, 3H), 7.26 
(d, 2H), 4.07 (s, 1H), 3.96-4.05 (m, 2H), 1.00 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 
166.5, 134.6, 133.1, 131.6, 129.1, 128.8, 128.0, 126.3, 122.8, 67.0, 65.3, 61.7, 14.1. 
HRMS (ESI) ([M+H]+) Calcd. for C17H15BrO3: 347.0283, Found 347.0273. 
 
O
O
O
O  
Ethyl 3-(4-methoxyphenyl)-2-phenyloxirane-2-carboxylate 26.  
1H NMR (400 MHz, CDCl3): δ 7.60-7.63 (m, 2H), 7.29-7.39 (m, 5H), 6.86 (d, 2H), 3.97-
4.07 (m, 3H), 3.77 (s, 3H), 1.01 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.8, 159.9, 
134.9, 128.7, 128.6, 127.4, 126.2, 125.9, 113.8, 66.9, 65.8, 61.4, 55.3, 14.0. HRMS (ESI) 
([M+H]+) Calcd. for C18H18O4: 299.1283, Found 299.1276. 
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O
O
O
O2N  
Ethyl 3-(4-nitrophenyl)-2-phenyloxirane-2-carboxylate 32.  
1H NMR (400 MHz, CDCl3): δ 8.20 (d, 2H), 7.56-7.62 (m, 4H), 7.38-7.42 (m, 3H), 4.20 
(s, 1H), 3.96-4.02 (m, 2H), 0.98 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.0, 141.2, 
134.1, 130.2, 129.4, 128.9, 127.3, 126.3, 123.7, 67.3, 64.7, 61.9, 14.1. HRMS (ESI) 
([M+H]+) Calcd. for C17H15NO5: 314.1028, Found 314.1050. 
 
O
O
OO  
Ethyl 3-(furan-2-yl)-2-phenyloxirane-2-carboxylate 34.  
1H NMR (400 MHz, CDCl3): δ 8.59-7.61 (m, 2H), 7.34-7.39 (m, 4H), 6.65 (d, 1H),  6.35-
6.36 (m, 1H), 4.15-4.27 (m, 2H), 4.05 (s, 1H), 1.22 (t, 3H). 13C NMR (62.9 MHz, CDCl3): 
δ 167.0, 147.8, 143.6, 134.4, 129.1, 128.7, 126.3, 110.9, 110.5, 66.2, 62.0, 59.7, 14.2. 
HRMS (ESI) ([M+H]+) Calcd. for C15H14O4: 259.0970, Found 259.0911. 
 
 
O
O
OO  
Ethyl 3-(furan-3-yl)-2-phenyloxirane-2-carboxylate 35.  
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1H NMR (400 MHz, CDCl3): δ 7.59-7.61 (m, 2H), 7.50 (s, 1H), 7.34-7.39 (m, 4H), 6.39 
(d, 1H), 4.08-4.21 (m, 2H), 3.98 (s, 1H), 1.15 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 
167.2, 143.5, 141.6, 134.7, 128.9, 128.7, 126.4, 119.9, 110.0, 66.5, 61.8, 60.0, 14.1. 
HRMS (ESI) ([M+H]+) Calcd. for C15H14O4: 259.0970, Found 259.0980. 
 
O
O
O  
Ethyl 2-phenyl-3-styryloxirane-2-carboxylate 33.  
1H NMR (400 MHz, CDCl3): δ 7.59-7.62 (m, 2H), 7.27-7.40 (m, 8H), 6.88 (d, 1H), 6.10 
(q, 1H), 4.28 (q, 2H), 3.71 (s, 1H), 1.28 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 167.8, 
137.2, 135.9, 135.1, 128.9, 128.8, 128.7,128.6, 126.9, 126.7, 122.1, 65.9, 65.6, 62.1, 14.5. 
HRMS (ESI) ([M+H]+) Calcd. for C19H18O3: 195.1334, Found 295.1347. 
 
 
O
O
ON
Boc  
tert-butyl 2-(3-(ethoxycarbonyl)-3-phenyloxiran-2-yl)-1H-pyrrole-1-carboxylate 36.  
1H NMR (400 MHz, CDCl3): δ 7.62-7.64 (m, 2H), 7.31-7.38 (m, 4H), 7.21 (s, 1H), 6.31 
(s, 1H), 6.11 (t, 1H), 4.47 (s, 1H), 3.96-4.08 (m, 2H), 1.45 (s, 9H), 1.02 (t, 3H). 13C NMR 
(62.9 MHz, CDCl3): δ 167.0, 149.1, 134.6, 128.9, 128.6, 127.8, 127.0, 126.6, 122.2, 
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112.5, 110.6, 84.5, 66.9, 61.4, 28.0, 14.1. HRMS (ESI) ([M+H-Boc]+) Calcd. for 
C20H23NO53: 258.1130, Found 258.1124. 
 
O
O
O
Br
 
Ethyl 2-(4-bromophenyl)-3-phenyloxirane-2-carboxylate 37.  
1H NMR (400 MHz, CDCl3): δ 7.52 (s, 4H), 7.30-7.38 (m, 5H), 4.08 (s, 1H), 3.97-4.04 
(m, 2H), 0.96 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.4, 134.0, 133.6, 131.9, 128.9, 
128.5, 128.1 126.2, 123.1, 66.4, 66.0, 61.8, 13.9. HRMS (ESI) ([M+H]+) Calcd. for 
C17H15BrO3: 347.0283, Found 347.0253. 
 
O
O
O
NO2
 
Methyl 2-(4-nitrophenyl)-3-phenyloxirane-2-carboxylate. 
 1H NMR (400 MHz, CDCl3): δ 7.54 (d, 2H), 7.30-7.37 (m, 5H), 6.91 (d, 2H), 4.12 (s, 
1H), 3.80 (s, 3H), 3.51 (s, 3H). 13C NMR (62.9 MHz, CDCl3): δ 167.5, 160.2, 134.0, 
128.7, 127.8, 126.9, 126.1 114.2, 67.1, 65.9, 55.5, 52.3HRMS (ESI) ([M+H]+) Calcd. for 
C16H13NO5: 300.0872.  
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CHAPTER 4 
 
COBALT CORROLE CATALYZED N-H INSERTION REACTIONS WITH 
DIVERSE DIAZO REAGENTS 
 
General introduction 
The catalytic transfer of carbene intermediates from diazo compounds to organic 
substrates is a very powerful tool in organic synthesis because of the potential for 
construction of versatile building blocks46).  
 
 
Scheme 4.1. Intermolecular N-H insertion via a metal-catalyzed decomposition of diazo 
acetate 
 
Several decades ago, it was demonstrated that transition metal complexes, such as those 
of Cu, Rh, and Fe, were effective catalysts for carbenoid N-H insertion reactions47). The 
first reported catalysts for the N-H insertion reactions were copper bronze and CuCN46). 
These catalysts reacted with chiral amines or chiral diazo acetates and were able to 
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produce up to 26% de47). This was followed by the use of Rh2(OAc)4 and copper (I) 
oxazoline. However, early development of metal catalyzed N-H insertion reactions 
experienced some limitations, including easy dimerization, easy catalyst poisoning, and 
moderate chemical yields49). Recently, Che’s group successfully established a convenient 
and efficient protocol for intermolecular and intramolecular N-H insertion reactions using 
a commercially available ruthenium catalyst [RuCl2(p-cymene)]2with a wide substrate 
range and high yields (Table 4.1)48)  
 
Table 4.1. [RuCl2(p-cymene)]2-catalyzed intermolecular carbenoid N-H insertion 
reactions with amines and amides 
Entry a time (min) Yield a)
O
O
N2
+
[RuCl2(p-cymene)]2]
(1 mol %)
solvent
O
O
NR1HR1NH2
or
R2R3NH2
O
O
NR2R3a
1
2
3
4
5
6
anilines <5-30 90-99
BnNH2 7 h 54
NH2 7 h 52
BnNHBn 6 h 88
N
H
TsNH2
6 h 70
<15 92
a) Isolated yield
or
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In this paper, [RuCl2(p-cymene)]2 was found to be an effective catalyst. Most of aniline-
based substrates produced the desired compound in up to 99%.  Even though alkyl 
amines required a longer reaction time and higher temperature than other analogous 
reactions, they successfully produced the desired compounds. In addition to 
intermolecular N-H insertion, intramolecular N-H insertion was also carried out smoothly 
using [RuCl2(p-cymene)]2 as a catalyst with high diastereoselctivity. In previous reports, 
Gross’s group reported that Fe (III) corroles showed the ability to catalyze N-H insertion 
reactions using ethyl diazoacetate (EDA) in high yields49). This report didn’t focus on 
expansion into huge substrate scopes, rather, it was demonstrated that Fe (III) corroles are 
an effective catalyst for N-H insertion reaction, and effectively carry out their reactions 
without catalyst poisoning by excess amines. Most of the aniline-based substrates 
converted within 5 min to produce up to 95% yield.  
 
N-H insertion reactions using cobalt (III) corroles 
 
To evaluate our catalysts, we conducted a comparison between Co (II) porphyrins and 
Co (III) corroles to determine their relative reactivity towards catalyzing N-H insertion 
reactions using ethyl phenyldiazoacetate as a diazo source.. Surprisingly, both [Co(P1)] 
and [Co(P2)] did not demonstrate a competent ability to catalyze the N-H insertion 
reaction, giving low yields of 17% and 64%, respectively. We believe this is due to the 
Co(II) center having insufficient electrophilicity, resulting in greater difficulty of attack 
for the amine approaching the metal carbene center .  However, [Co(C1)PPh3] and 
[Co(C1)CNtBu] were able to efficiently catalyze the reaction, producing yields of 64% 
60 
 
and 99%, respectively (Figure 4.1.). [Co(C1)PPh3] shares similar results with [Co(P2)]; 
we believe this is because of the electron donating character of the axial ligand. As a 
result, the cobalt center has a less electrophilic property. Once we changed to a pi 
accepting axial ligand, a dramatic change was seen in the efficiency of the N-H insertion 
reactions due to a corresponding change in the electronic character of the metal center. 
 
N
N
N
NCo
Br
Br
Br
Br
P
N
N
N
NCo
Br
Br
Br
BrC
N
Br
N
N
N
N
Br
Br
Br
CoN
N
N
NCo
[Co(P1)]
[Co(C1)CNtBu][Co(C1)PPh3]
[Co(P2)]
 
Figure 4.1. Structures of metalloporphyrin and corrole catalysts. 
 
We screened a variety of different solvents in order to determine the ideal conditions for 
carrying out the N-H insertion reactions. Most solvents were able to successfully support 
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the reaction at 40o C and a reaction time of 20 hrs with 2 mol % catalyst loading. The 
control reaction of just PPh3 produced no products and no dimers were detected. 
 
Table 4.2. Intermolecular N-H insertion of aniline with ethyl phenyldiazoacetate by 
Co(III) corroles 
 
Once optimal conditions were determined, we examined a variety of different diazo 
esters as carbene sources for insertion into aniline. Ethyl diazoacetate  
(EDA) gave a moderate 61% yield when reacted with the aniline. The acceptor-donor 
diazos, such as ethyl phenyldiazoacetate (PDA) and methyl phenyldiazoacetate (MDA) 
both gave excellent yields of 99% and 78%. The acceptor-acceptor type diazo 
compounds such as α-nitrodiazoacetate and α-cyanodiazoacetate also gave fair to high 
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yields (23% and 86%) (Table 4.3). To the best of our knowledge, this is the first example 
of the successful use of acceptor-acceptor type diazo reagents for N-H insertion reactions. 
 
Table 4.3. [Co(C1)CNtBu] catalyzed N-H insertion reactions of aniline with diverse 
diazo reagentsa 
 
 
Based on the catalytic conditions that were optimized for the N-H insertion reaction of 
aniline, the scope of the [Co(C1)CNtBu] with ethyl phenyldiazoacetate-based catalytic 
system was then investigated using different substrates (Table 4.4). When electron 
withdrawing groups such as Br, NO2, and Cl were affixed to the aromatic ring, high 
yields were obtained. Likewise, when electron donating groups were substituted, similar 
yields were observed. Additionally, when experimenting with bulkier substrates such as 
2,6-diethyl aniline, high yields were also obtained. Even secondary amines can yield the 
desired product in yields of 78%. Phenyl benzamide and acetamide were also 
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successfully converted into the desired product. Aliphatic benzamine needed higher 
temperatures to give the desired product. 
 
Table 4.4. [Co(C1)CNtBu]-catalyzed N-H insertion reactions using 
amines and amides 
 
6
5
4
3
30 %
99 %
92 %
86 %
92 %
93 %
NH2
O2N
NH2
Cl
NH2
NH2
O
H
N COOEt
Ph
O2N
H
N COOEt
Ph
Cl
H
N COOEt
Ph
H
N COOEt
Ph
O
5a m-ethylaniline
5b p-ethylaniline
42
43
44
45
46
47
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a) All products are isolated yields. 
 
When we employed aldehyde diazoacetate as a carbene source, we observed a product 
containing both imine and N-H insertion compounds. To maximize the efficiency of the 
reaction conditions, it was determined that the ideal ratio of aniline to diazo was 3:1. In 
addition to unsubstituted aniline, substitution of electron donating and electron 
withdrawing groups also produced good yields (Scheme 4.2). 
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Scheme 4.2. One pot two reactions using α-aldehydediazoacetate with anilines using 
[Co(C1)CNtBu] 
 
Conclusions 
In conclusion, this is the first report demonstrating the ability of Co(III) corrole 
complexes to catalyze N-H insertion reactions. As a comparison, the structurally similar 
Co(II) porphyrin complexes were able to catalyze the same reactions, but with decreased 
efficiency. Rather than a mere comparison of the catalytic efficacy of the corrole versus 
the porphyrin, this study serves as a provider of mechanistic insight into the electronic 
properties of the metal-carbene intermediate generated in these reactions, as well as a 
window into possible further enhancement of existing techniques for tuning the 
electronics of the metal center. Additionally there are advantages to this reaction, 
including its high efficiency and versatile selection of compatible diazo substrates. 
Consequently, further efforts are underway to develop an asymmetric N-H insertion 
product as well as to explore the undoubtedly useful application of such a technique. 
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General information 
All reactions were carried out under a nitrogen atmosphere in oven-dried glassware 
following standard Schlenk techniques. Dichloromethane was distilled under nitrogen from 
calcium hydride. Thin layer chromatography was performed on Merck TLC plates (silica 
gel 60 F254). Flash column chromatography was performed with ICN silica gel (60 Å, 230-
400 mesh, 32-63 μm). Proton and carbon nuclear magnetic resonance spectra (1H NMR and 
13C NMR) were recorded on Varian 400-MHz instrument and referenced with respect to 
internal TMS standard. Infrared spectra were measured with a Nicolet Avatar 320 
spectrometer with a Smart Miracle accessory. HRMS data was obtained on an Agilent 1100 
LC/MS ESI/TOF mass spectrometer with electrospray ionization.  
 
General procedure of Co (III) corrole synthesis 
The brominated corroles were prepared using the procedure recently described by 
Kozarna and Gryko1). 1 meso-(2,6-dibromphenyl) dipyrromethane (1 mmol) was 
dissolved with benzalehyde (0.5 mmol) in 100 mL methanol. Concentrated 36 % aqueous 
HCl (5 mL in 50 mL H2O) was added to the reaction mixture. The mixture was allowed 
to stir for 2 hours. The bilane intermediate was extracted with chloroform and washed 
with water three times. The organic layer was dried with magnesium sulfate anhydrous 
and filtered. The resulting bilane solution was diluted to a volume of 250 mL chloroform 
before p-chloranil (1.5 mmol) was added and the bilane was allowed to oxidize overnight 
with stirring. A rotary evaporator was used to remove the chloroform solvent. 
Purification was performed by flash chromatography. The fractions containing pure 
corrole were dried using a rotary evaporator to yield the solid product. 
67 
 
 
 
10-(3,5-ditertbutylphenyl)-5,15-(2,6-dibromophenyl)corrole 6.  
The general corrole procedure was used for synthesizing the crude compound. The 
crude corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 2:3, 0.75 % isopropanol) to yield the pure purple-blue corrole. 
Yield: 50 %  1H NMR (400 MHz, CDC13): δ 9.00 (d, J = 4 Hz, 2H), 8.64 (d, J = 4.8 Hz, 
2H), 8.52 (d, J = 4.4 Hz, 2H), 8.41 (d, J = 3.6 Hz, 2H), 8.0 (d, J = 1.6 Hz, 2H), 8.01 (d, J 
= 8.0 Hz, 4H), 7.74 (t, 1H), 7.49 (t, 2H), 1.52 (s, 18H). 13C NMR (400 MHz, CDC13): δ 
31.7, 113.4, 116.0, 120.7, 125.8, 127.5, 128.2, 129.5, 130.9, 131.7, 140.6, 149.2, 207.8. 
HRMS: APCI ([M+H])+ for C45H39Br4N4 Calcd. m/z 950.99027, Found 950.99005. UV-
vis (CHCl3), λmax nm (log ε): 412(4.76), 428(4.71), 572(4.09), 612(3.99), 640(3.47). 
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N
N N
N
Br
Br
Br
Br
Co
PPh3  
Co(III)Corrole.  
The general cobalt(III)corrole was synthesized under reflux during 2 hours using MeOH 
as a solvent. The crude cobalt(III)corrole was purified by flash column chromatography 
(silica gel, EtOAc/hexanes, 1:5) to yield the pure reddish Co(III)corrole. Yield: 92 %  1H 
NMR (400 MHz, CDC13): δ 8.35 (d, J = 4.8 Hz, 2H), 8.30 (d, J = 4.8 Hz, 2H), 8.14 (s, 
1H), 8.00 (d, J = 4.8 Hz, 2H), 7.50 (m, 8H), 7.29 (t, J = 8.0 Hz, 2H), 6.95 (t, 3H), 6.63 (t, 
6H), 5.02 (t, 6H), 1.52 (s, 12H), 1.44 (s, 6H). 13C NMR (400 MHz, CDC13): δ 150.0, 
149.2, 14.2, 146.0, 144.6, 143.1, 142.3, 136.1, 131.8, 131.7, 131.5, 130.4, 129.4, 127.5, 
127.4, 127.3, 126.6, 126.4, 125.8, 124.8, 122.7, 122.2, 120.9, 120.7, 31.98, 31.90. HRMS: 
APCI ([M+H])+ for C45H39Br4N4 Calcd. m/z.  
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Experimental data for N-H insertion reactions  
 
Schlenk tube dried in an oven for 24 h. Catalyst (2mol %) was placed in this tube, which 
was capped with a Teflon screwcap, evacuated, and backfilled with nitrogen. The 
screwcap was replaced with a rubber septum, and aniline (0.1 mmol) was added via 
syringe, followed by 1.2 equivalents diazocompound. The tube was purged with nitrogen 
for 1 min. The rubber septum was replaced with a screwcap. The reaction was performed 
at the room temperature for 20h. After the reaction finished, the resulting mixture was 
purified directly by flash silica gel chromatography to give the product.  
 
 
ethyl 2-phenyl-2-(phenylamino)acetate 38. 
1H NMR (400 MHz, CDCl3): 7.49 (d, 2H), 7.27-7.36 (m, 3H), 7.11 (t, 2H), 6.99 (t, 1H), 
6.55 (d, 2H), 5.05 (d, 1H), 4.95 (d, 1H), 4.09-4.27 (m, 2H), 1.20 (t, 3H). 13C NMR (62.9 
MHz, CDCl3): δ 172.0, 146.2, 137.9, 129.4, 129.0, 128.4, 127.4, 118.2, 113.6, 62.0, 61.0, 
14.2. HRMS (ESI) ([M+H]+) Calcd. for C16H17NO2: 256.1332 
 
 
H
N
OO
Br
 
ethyl 2-(2-bromophenylamino)-2-phenylacetate 39. 
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1H NMR (400 MHz, CDCl3): δ 7.50 (d, 2H), 7.45 (dd, 1H), 7.29-7.38 (m, 3H), 7.02(t, 
1H), 6.55 (t, 1H), 6.36 (d, 1H), 5.75 (d, 1H), 5.09 (d, 1H), 4.14-4.27 (m, 2H), 1.22 (t, 3H). 
13C NMR (62.9 MHz, CDCl3): δ 171.3, 143.1, 137.2, 132.7, 129.1, 128.5, 127.3, 118.7, 
112.4, 110.3, 62.2, 60.9, 14.2. HRMS (ESI) ([M+H]+) Calcd. for C16H16BrNO2: 334.0437 
 
 
ethyl 2-(3-bromophenylamino)-2-phenylacetate 40. 
1H NMR (400 MHz, CDCl3): δ 7.49 (d, 2H), 7.28-7.36 (m, 3H), 6.93 (t, 1H), 6.77 (t, 1H), 
6.70 (s, 1H), 6.43-6.49 (m, 1H), 4.98-5.04 (m, 2H), 4.08-4.27 (m, 2H), 1.20 (t, 3H). 13C 
NMR (62.9 MHz, CDCl3): δ 171.6, 147.4, 137.3, 130.7, 129.1, 128.6, 127.3, 121.0, 116.3, 
114.5, 112.1, 62.2, 60.6, 14.2. HRMS (ESI) ([M+H]+) Calcd. for C16H16BrNO2: 334.0437 
 
 
 
 
 
 
ethyl 2-(4-bromophenylamino)-2-phenylacetate 41. 
1H NMR (400 MHz, CDCl3): δ 7.45 (d, 2H), 7.27-7.36 (m, 3H), 7.17 (d, 2H), 6.41 (d, 
2H), 4.99 (s, 2H), 4.10-4.24 (m, 2H), 1.20 (t, 2H). 13C NMR (62.9 MHz, CDCl3): δ 171.6, 
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145.0, 137.3, 132.1, 130.1, 129.1, 128.5, 127.3, 115.2, 62.1, 60.8, 14.2. HRMS (ESI) 
([M+H]+) Calcd. for C16H16BrNO2: 334.0437 
 
 
ethyl 2-(4-chlorophenylamino)-2-phenylacetate 43.  
1H NMR (400 MHz, CDCl3): δ 7.45 (d, 2H), 7.27-7.36 (m, 3H), 7.04 (d, 2H), 6.46 (d, 
2H), 5.00 (s, 2H), 4.10-4.24 (m, 2H), 1.20 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 171.7, 
144.6, 137.4, 129.2, 129.0, 18.5, 127.3, 122.8, 114.7, 62.1, 60.9, 14.2. HRMS (ESI) 
([M+H]+) Calcd. for C16H16ClNO2 : 290.0942 
 
 
 
 
 
ethyl 2-(4-nitrophenylamino)-2-phenylacetate 42. 
1H NMR (400 MHz, CDCl3): δ 7.99 (d, 2H), 7.43 (d, 2H), 7.31-7.38 (m, 3H), 6.48 (d, 
2H), 5.81 (broad, 1H), 5.09 (d, 1H), 4.10-4.29 (m, 2H), 1.20 (t, 3H). 13C NMR (62.9 
MHz, CDCl3): δ 170.6, 150.8, 138.8, 136.0, 129.1, 128.7, 126.9, 126.1, 112.0, 62.4, 59.9, 
13.9. HRMS (ESI) ([M+H]+) Calcd. for C16H17N2O4: 301.1183 
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H
N
OO  
ethyl 2-(2-ethylphenylamino)-2-phenylacetate 44. 
1H NMR (400 MHz, CDCl3): δ 7.50 (d, 2H), 7.27-7.36 (m, 3H), 7.08 (d, 1H), 6.97 (t, 1H), 
6.68 (t, 1H), 6.35 (d, 1H), 5.10 (broad, 2H), 4.12-4.25 (m, 2H), 2.65 (q, 2H), 1.32 (t, 3H), 
1.21 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 172.2, 143.6, 138.1, 129.0, 128.3, 128.2, 
127.3, 127.0, 118.0, 111.1, 62.0, 60.9, 24.2, 14.2, 13.1. HRMS (ESI) ([M+H]+) Calcd. for 
C18H21NO2: 284.1645. 
 
 
 
ethyl 2-(3-ethylphenylamino)-2-phenylacetate 45. 
1H NMR (400 MHz, CDCl3): δ 7.49 (d, 2H), 7.25-7.36 (m, 3H), 7.02 (t, 1H), 6.54 (d, 1H), 
6.44 (s, 1H), 6.35 (d, 1H), 5.05 (s, 1H), 4.89 (broad, 1H), 4.10-4.27 (m, 2H), 2.51 (q, 2H), 
1.20 (t, 3H), 1.16 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 166.9, 138.2, 135.1, 134.0, 
129.6, 129.0, 128.8, 128.5, 126.9, 126.4, 123.4, 67.1, 64.4, 66.1, 61.6, 21.6, 14.172.1, 
146.3, 145.5, 138.1, 129.3, 129.0, 128.7, 127.4, 118.0, 113.4, 110.8, 61.9, 61.1, 29.1, 15.6, 
14.2. HRMS (ESI) ([M+H]+) Calcd. for C18H21NO2: 284.1645 
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ethyl 2-(4-ethylphenylamino)-2-phenylacetate 46. 
1H NMR (400 MHz, CDCl3): δ 7.49 (d, 2H), 7.25-7.35 (m, 3H), 6.95 (d, 2H), 6.50 (d, 
2H), 5.03 (s, 1H), 4.83 (broad, 1H), 4.10-4.26 (m, 2H), 2.49 (q, 2H), 1.20 (t, 3H), 1.14 (t, 
3H). 3C NMR (62.9 MHz, CDCl3): δ 172.1, 144.2, 138.1, 134.0, 128.9, 128.7, 128.3, 
127.4, 113.7, 61.9, 61.3, 28.1, 16.0, 14.2.  HRMS (ESI) ([M+H]+) Calcd. for C18H21NO2: 
284.1645 
 
 
 
ethyl 2-(4-methoxy-2-methylphenylamino)-2-phenylacetate 47. 
1H NMR (400 MHz, CDCl3): δ 7.48 (d, 2H), 7.26-7.35 (m, 3H), 6.69 (d, 1H), 5.53 (dd, 
1H), 6.29 (d, 1H), 5.02 (s, 1h), 4.58 (broad, 1H), 4.08-4.29 (m, 2H), 3.68 (s, 3H), 2.26 (s, 
3H), 1.20 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 172.4, 152.2, 138.5, 138.2, 128.9, 
128.3, 127.3, 124.5, 117.2, 112.1, 111.6, 61.9, 61.7, 55.8, 18.0, 14.2. HRMS (ESI) 
([M+H]+) Calcd. for C18H21NO3: 300.1594 
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ethyl 2-(2,3-dihydro-1H-inden-5-ylamino)-2-phenylacetate 49. 
1H NMR (400 MHz, CDCl3): δ 7.51 (d, 2H), 7.28-7.37 (m, 4H), 6.93 (t, 1H), 6.64 (d, 1H), 
6.18 (d, 1H), 5.11 (s, 1H), 4.76 (s, 1H), 4.12-4.26 (m, 2H), 2.91 (t, 2H), 2.84 (t, 2H), 2.19 
(m, 2H), 1.22 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 172.2, 145.2, 142.5, 138.1, 129.0, 
128.3, 127.6, 127.4, 114.5, 108.5, 62.0, 60.9, 33.6, 29.6, 24.8, 14.2, HRMS (ESI) 
([M+H]+) Calcd. for C19H21NO2: 296.1645 
 
 
ethyl 2-(2,6-diethylphenylamino)-2-phenylacetate 48. 
1H NMR (400 MHz, CDCl3): δ 7.39 (d, 2H), 6.86 (d, 2H), 6.02 (d, 1H), 4.33 (q, 2H), 
3.78 (dd, 1H), 3.49 (d, 1H), 1.33 (t. 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.7, 154.8, 
132.8, 119.0, 116.4, 106.2, 95.1, 62.4, 38.2, 14.3. HRMS (ESI) ([M+H]+) Calcd. for 
C20H25NO2 : 311.1885 
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ethyl 2-(methyl(phenyl)amino)-2-phenylacetate 50. 
1H NMR (400 MHz, CDCl3): δ 6.7 (s, 1H), 6.60 (s, 2H), 6.05 (d, 1H), 4.33 (q, 2H), 4.35 
(dd, 1H), 3.48 (d, 1H), 2.26 (s, 6H), 1.34 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.8, 
155.8, 139.8, 125.5, 114.9, 106.6, 95.3, 62.3, 38.1, 21.4, 14.4. HRMS (ESI) ([M+H]+) 
Calcd. for C17H19NO2: 270.1489. 
 
 
 
 
ethyl 2-benzamido-2-phenylacetate 51. 
1H NMR (400 MHz, CDCl3): δ 7.12-7.15 (m, 2H), 6.96-7.02 (m, 2H), 6.04 (d, 1H), 4.35 
(q, 2H), 3.79 (dd, 1H), 3.50 (d, 1H), 2.53-2.59 (m, 2H), 1.55-1.60 (m, 2H), 1.35 (t, 3H), 
0.91 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.9, 153.9, 132.6, 130.6, 127.2, 13.7, 
116.0, 106.5, 95.8, 62.3, 38.2, 32.2, 23.3, 14.4, 14.1. HRMS (ESI) ([M+H]+) Calcd. for 
C17H17NO3: 284.1281. 
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ethyl 2-(benzylamino)-2-phenylacetate 53. 
1H NMR (400 MHz, CDCl3): δ 6.94 (d, 2H), 6.81 (d, 2H), 5.95 (d, 1H), 4.33 (q, 2H), 
3.71-3.77 (m, 4H), 3.48 (d, 1H), 1.33 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.8, 
156.2, 149.6, 119.1, 114.9, 106.6, 96.4, 62.3, 55.8, 38.1, 14.4. HRMS (ESI) ([M+H]+) 
Calcd. for C17H19NO2: 270.1489. 
 
 
 
ethyl 2-acetamido-2-phenylacetate 52. 
1H NMR (400 MHz, CDCl3): δ 7.29-7.38 (m, 5H), 6.49 (d, 1H), 5.56 (d, 1H), 4.15-4.24 
(m, 2H), 2.01 (s, 3H), 1.19 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.8, 155.8, 139.8, 
125.5, 114.9, 106.6, 95.3, 62.3, 38.1, 21.4, 14.4. HRMS (ESI) ([M+H]+) Calcd. for 
C12H15NO3: 222.1125. 
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(E)-ethyl 2-(phenylamino)-3-(phenylimino)propanoate 54. 
1H NMR (400 MHz, CDCl3): δ 8.02 (d, 1H), 7.24-7.29 (m, 2H), 7.18 (t, 2H), 6.92-6.99 
(m, 3H), 6.80 (t, 1H), 6.68 (d, 2H), 4.91 (s, 1H), 4.19 (q, 2H), 1.25 (t, 3H). 13C NMR 
(62.9 MHz, CDCl3): δ 167.0, 126.0, 140.5, 135.4, 129.8, 129.5, 122.5, 119.5, 115.4, 
114.4, 60.4, 29.9, 14.7. HRMS (ESI) ([M+H]+) Calcd. for C17H18N2O2: 283.1441. 
 
 
(E)-ethyl 2-(2-ethylphenylamino)-3-(2-ethylphenylimino)propanoate 55. 
1H NMR (400 MHz, CDCl3): δ 7.98 (d, 1H), 7.21 (t, 1H), 7.08-7.14 (m, 3H), 7.03 (t, 1H), 
6.94 (t, 1H), 6.78 (t, 1H), 6.53 (d, 1H), 6.46 (d, 1H), 4.99 (s, 1H), 4.21 (q, 2H), 2.70 (q, 
2H), 2.29 (q, 2H), 1.33 (t, 3H), 1.28 (t, 3H), 0.96 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 
167.0, 126.0, 140.5, 135.4, 129.8, 129.5, 122.5, 119.5, 115.4, 114.4, 60.4, 29.9, 14.7. 
HRMS (ESI) ([M+H]+) Calcd. for C21H26N2O2:339.2067. 
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(E)-ethyl 2-(4-bromophenylamino)-3-(3-bromophenylimino)propanoate 56. 
1H NMR (400 MHz, CDCl3): δ 7.89 (d, 1H), 7.36 (d, 2H), 7.25 (d, 2H), 6.79 (d, 2H), 
6.24 (d, 1H), 6.52 (d, 2H), 4.88 (s, 1H), 4.17 (q, 2H), 1.24 (t, 3H). 13C NMR (62.9 MHz, 
CDCl3): δ 166.5, 144.9, 139.5, 135.1, 132.8, 132.3, 117.0, 116.0, 114.9, 111.5, 106.8, 
60.6, 14.7. HRMS (ESI) ([M+H]+) Calcd. for C17H16Br2N2O2: 438.9651. 
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CHAPTER 5 
 
COBALT CORROLE CATALYZED CYCLOPROPANATION REACTIONS 
OF VINYL ETHERS WITH α-NITRODIAZOACETATE 
 
General introduction 
 
Cyclopropanes are important intermediates in the synthesis of organic compounds, and 
have various applications in natural products and drug synthesis51). Metal-catalyzed 
cyclopropanation utilizing diazo compounds and alkenes is one of the most general 
approaches to synthesize these smallest of cyclic organic compounds52). Among the three 
classes of common diazo reagents53), acceptor-substituted diazo reagents, ethyl 
diazoacetate (EDA), are well developed as the most effective carbene sources for metal-
catalyzed cyclopropanation54). In the case of donor/acceptor-substituted diazo reagents, 
such as vinyldiazoesters and aryldiazoesters55), there is a well established field which 
uses Rh and Cu metal complexes as catalysts. However, due to the intrinsically low 
reactivity and poor selectivity of acceptor/acceptor-substituted diazo reagents52-53), this 
field has been relatively unexplored and strongly reactive catalysts have been required. 
Recently, our group solved this issue by using D2-symmetric chiral porphyrins, leading to 
high yields and excellent enantioselectivity of the desired nitroester cyclopropanes56).  
 
81 
 
Cyclopropanation reactions using cobalt (III) corroles 
 
Corroles, porphyrin analogues with one fewer methylene carbon, are tunable electronic, 
steric environments that, since the development of a facile and efficient synthetic route in 
1999, have been a rapidly growing area of independent research, exhibiting a variety of 
applications such as their use in catalysis, sensor development, design of photovoltaic 
cells, and medicinal applications like photodynamic therapy57). Iron and rhodium corroles 
were found to be moderate catalysts for cyclopropanation of styrene derivitaves with 
ethyl diazoacetate,58) but more reactive catalysts are still needed due to the modest yields 
and stereoselectivity.  
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R
O
NO2
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R
O
NH2
O
OH
 
Scheme 5.1. Cyclopropanation of vinyl ether with α- nitrodiazoacetate catalyzed by 
Co(III) corrole 
While Co (II) porphyrins have been shown to be effective in this system, we intend to 
demonstrate the  Co(III) corrole’s potential as a catalyst for cyclopropanation. Given 
these postulations, our first target was α-nitrodiazoacetate (NDA), as the resulting 
cyclopropanes have been demonstrated to be valuable precursors for a number of useful 
compounds, including the synthetically and biologically important α-amino acids and 
aminocyclopropanes (Scheme 5.1) 59).  Among several previous efforts towards metal-
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catalyzed cyclopropanation with NDA, a relevant example is the work of Charette et al60)., 
who conducted a systematic evaluation of the reaction by employing various Rh- and Cu-
based chiral catalysts.  Herein, we report the first example of a Co (III) corrole-based 
catalytic system for cyclopropanation, utilizing various vinyl ethers with NDA, resulting 
in high diastereoselectivity and high yields. Initial efforts were focused on the 
comparison of Co (II) porphyrin and Co (III) corrole catalysts in order to systematically 
evaluate optimal conditions for the cyclopropanation of vinyl ethers with NDA. While 
the ineffectiveness of [Co(P1)] as a catalyst in this reaction might be expected, it was a 
disappointing revelation that [Co(P2)], which is similar in structure to [Co(C1)PPh3], 
also gave a poor result. A possible reason is the fact that the metal-carbene center in 
[Co(C1)CNtBu] is not sufficiently electrophilic enough to bind to the electron-rich vinyl 
ether substrate. Not surprisingly, [Co(C1)PPh3] has proven to be an effective catalyst, 
producing  an excellent diasteroseletive cyclopropane α-nitroester in high yields.  
 
 
Figure 5.1. Structures of metalloporphyrins and corrole catalysts. 
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The efficacy of [Co(C1)PPh3] can be explained by the perfect match between an 
electronically deficient metal carbene and the electron rich vinyl ethers. In addition, o-
bromine on the corrole might contribute to the electron deficiency of the cobalt center 
and could possibly help promote the carbene formation.  
Based on the optimized reaction conditions (Table 5.1), the analysis of the substrate 
scope for [Co(C1)PPh3]-based catalytic systems was then conducted. It was shown that 
the catalytic process could be successfully applied to most aliphatic and aromatic vinyl 
ethers with NDA.  
 
Table 5.1. [Co(C1)PPh3]-catalyzed cyclopropanation of different vinyl ethers with α- 
                       nitrodiazoacetates. [a] 
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a) Performed in dry toluene at RT for 20 h under N2 using [Co(C1)PPh3] 3 mol % with 2.0 equiv of vinyl 
ethers and 0.5 equiv NDA. b) vinyl ethers/NDA = 5:1. c) Isolated yields.  
 
Simple alkyl substrates successfully produced corresponding nitroester cyclopropane 
compounds with yields up to 92% (57,58, and 59, entries 1-3). Even more sterically 
hindered aliphatic substrates also gave their desired products in high yield (60, 61, entries 
4-5). Additionally, aliphatic substrates bearing functional groups formed their 
cyclopropane products with 85-90% yields in this system (62, 63, entries 6-7). All 
aromatic vinyl ether substrates were synthesized from phenol derivatives under nitrogen 
atmosphere using iridium as a catalyst. Due to electronically effective match between 
electron rich, vinyl ethers, and electron deficient, carbene center, Vinyloxybenzene is 
capable of easily binding to the cobalt intermediate, providing the desired product 64 in 
97% yield with one diastereomer. Even bulky propyl vinyloxybenzene was smoothly 
converted to an electron-rich vinyl ether cyclopropane: 66. When an electron-donating 
group was substituted onto the vinyloxybenzene, the reaction proceeded with no 
86 
 
problems, yielding product 67. When electron withdrawing groups, seen in entries 12-14, 
were substituted onto the vinyloxybenzene and tested towards the cyclopropanation 
reaction, all three examples obtained their electron-rich cyclopropane compounds 68, 69, 
and 70, respectively.  
As demonstrated in Figure 5.1, the electron deficiency of the cobalt center is an 
important factor that precedes the formation of the electrophilic metal-carbene 
intermediate, which goes on to bind with the electron-rich vinyl ethers. 
 
 
Scheme 5.2. Proposed mechanism of cyclopropanation of vinyl ethers with α-
nitrodiazoacetate using Co(III) corrole 
 
Asymmetric cyclopropanation reaction using chiral cobalt (III) corroles 
 
In addition to nonasymmetric cyclopropanation reactions, chiral Co (III) corroles were 
applied towards asymmetric cyclopropanation. Initially, we screened the catalysts to try 
to determine the most desirable steric and electronic characteristics by modifying the 
meso-position substituent on corroles, and altering the axial ligands between σ-donor or 
π-acceptor. Most of the chiral Co (III) corroles showed not only low reactivity but also 
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poor enantioselectivity (Scheme 5.3). The data gathered still doesn’t have any 
decipherable trends in terms of effects of steric hinderance regarding meso-position 
substituents. Though the exchange of axial ligands was applied, no clear progress was 
made in regards to improving diastereoselectivity or enantioselectivity. However, it is our 
belief that the slightly open nature of the reactivity site on the corrole is not conducive 
towards the development of enantioselectivity, and seems to have a difficult time 
controlling the orientation of the substrate in the pocket, due to perhaps too much 
freedom of movement. 
 
 
Scheme 5.3 Comparative reaction screening using chiral Co(III) corroles  
Based on the results of chiral Co(III) corrole-based screening reactions, asymmetric 
cyclopropanation was conducted with vinyl ether substrates.  
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Scheme 5.4. Asymmetric cyclopropanation reaction using chiral Co(III) corroles  
 
Conclusions 
 
In summary, this is the first report proving the capabilities of Co(III) corrole complexes 
as general and efficient catalysts for the cyclopropanation of electron rich vinyl ethers 
with α-nitrodiazoacetate with high yields and excellent diastereoselectivity. Further 
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studies would be required to synthesize chiral corroles to explore asymmetric induction 
of the cyclopropanation of vinyl ethers with α-nitrodiazoacetate. 
 
General information 
All reactions were carried out under a nitrogen atmosphere in oven-dried glassware 
following standard Schlenk techniques. Dichloromethane was distilled under nitrogen from 
calcium hydride. Thin layer chromatography was performed on Merck TLC plates (silica 
gel 60 F254). Flash column chromatography was performed with ICN silica gel (60 Å, 230-
400 mesh, 32-63 μm). Proton and carbon nuclear magnetic resonance spectra (1H NMR and 
13C NMR) were recorded on Varian 400-MHz instrument and referenced with respect to 
internal TMS standard. Infrared spectra were measured with a Nicolet Avatar 320 
spectrometer with a Smart Miracle accessory. HRMS data was obtained on an Agilent 1100 
LC/MS ESI/TOF mass spectrometer with electrospray ionization.  
 
General procedure for electron-rich cyclopropanation reaction using Co(III) 
corroles 
The brominated corroles were prepared using the procedure recently described by 
Kozarna and Gryko1). 1 meso-(2,6-dibromphenyl) dipyrromethane (1 mmol) was 
dissolved with benzalehyde (0.5 mmol) in 100 mL methanol. Concentrated 36 % aqueous 
HCl (5 mL in 50 mL H2O) was added to the reaction mixture. The mixture was allowed 
to stir for 2 hours. The bilane intermediate was extracted with chloroform and washed 
with water three times. The organic layer was dried with magnesium sulfate anhydrous 
and filtered. The resulting bilane solution was diluted to a volume of 250 mL chloroform 
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before p-chloranil (1.5 mmol) was added and the bilane was allowed to oxidize overnight 
with stirring. A rotary evaporator was used to remove the chloroform solvent. 
Purification was performed by flash chromatography. The fractions containing pure 
corrole were dried using a rotary evaporator to yield the solid product. 
 
 
10-(3,5-ditertbutylphenyl)-5,15-(2,6-dibromophenyl)corrole 6. 
 The general corrole procedure was used for synthesizing the crude compound. The crude 
corrole was purified by flash column chromatography (silica gel, 
dichloromethane/hexanes, 2:3, 0.75 % isopropanol) to yield the pure purple-blue corrole. 
Yield: 50 %  1H NMR (400 MHz, CDC13): δ 9.00 (d, J = 4 Hz, 2H), 8.64 (d, J = 4.8 Hz, 
2H), 8.52 (d, J = 4.4 Hz, 2H), 8.41 (d, J = 3.6 Hz, 2H), 8.0 (d, J = 1.6 Hz, 2H), 8.01 (d, J 
= 8.0 Hz, 4H), 7.74 (t, 1H), 7.49 (t, 2H), 1.52 (s, 18H). 13C NMR (400 MHz, CDC13): δ 
31.7, 113.4, 116.0, 120.7, 125.8, 127.5, 128.2, 129.5, 130.9, 131.7, 140.6, 149.2, 207.8. 
HRMS: APCI ([M+H])+ for C45H39Br4N4 Calcd. m/z 950.99027, Found 950.99005. UV-
vis (CHCl3), λmax nm (log ε): 412(4.76), 428(4.71), 572(4.09), 612(3.99), 640(3.47). 
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 The general cobalt(III)corrole was synthesized under reflux during 2 hours using MeOH 
as a solvent. The crude cobalt(III)corrole was purified by flash column chromatography 
(silica gel, EtOAc/hexanes, 1:5) to yield the pure reddish Co(III)corrole. Yield: 92 %  1H 
NMR (400 MHz, CDC13): δ 8.35 (d, J = 4.8 Hz, 2H), 8.30 (d, J = 4.8 Hz, 2H), 8.14 (s, 
1H), 8.00 (d, J = 4.8 Hz, 2H), 7.50 (m, 8H), 7.29 (t, J = 8.0 Hz, 2H), 6.95 (t, 3H), 6.63 (t, 
6H), 5.02 (t, 6H), 1.52 (s, 12H), 1.44 (s, 6H). 13C NMR (400 MHz, CDC13): δ 150.0, 
149.2, 14.2, 146.0, 144.6, 143.1, 142.3, 136.1, 131.8, 131.7, 131.5, 130.4, 129.4, 127.5, 
127.4, 127.3, 126.6, 126.4, 125.8, 124.8, 122.7, 122.2, 120.9, 120.7, 31.98, 31.90. HRMS: 
APCI ([M+H])+ for C45H39Br4N4 Calcd. m/z 950.99027. 
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Experimental data for cyclopropanation reactions 
Schlenk tube dried in an oven for 24 h. Catalyst (3mol %) was placed in this tube, which 
was capped with a Teflon screwcap, evacuated, and backfilled with nitrogen. The 
screwcap was replaced with a rubber septum, and vinyl ethers (0.1 mmol) was added via 
syringe, followed by 1.2 equivalents diazocompound. The tube was purged with nitrogen 
for 1 min. The rubber septum was replaced with a screwcap. The reaction was performed 
at the room temperature for 20h. After the reaction finished, the resulting mixture was 
purified directly by flash silica gel chromatography to give the product.  
 
 
1,3-dimethyl-5-(vinyloxy)benzene  
1H NMR (400 MHz, CDCl3): δ 6.75 (s, 1H), 6.66 (s, 2H), 6.65 (dd, 1H), 6.66 (dd, 1H), 
4.77 (d, 1H), 4.42 (d, 1H), 2.33 (s, 6H), 1.63-1.73 (m, 2H), 1.01 (t, 3H). 13C NMR (62.9 
MHz, CDCl3): δ 157.1, 148.6, 139.6, 125.0, 115.0, 94.8, 21.5. HRMS (ESI) ([M+H]+) 
Calcd. for C10H12O: 148.0888. 
 
 
1-propyl-2-(vinyloxy)benzene  
1H NMR (400 MHz, CDCl3): δ 7.19-7.22 (m, 2H), 7.04 (t, 1H), 6.99 (d, 1H), 6.66 (dd, 
1H), 4.69 (d, 1H), 4.40 (d, 1H), 2.66 (t, 2H), 1.63-1.73 (m, 2H), 1.01 (t, 3H). 13C NMR 
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(62.9 MHz, CDCl3): δ 154.8, 149.5, 133.1, 130.6, 127.2, 123.6, 117.4, 93.9, 32.3, 23.5, 
14.2. HRMS (ESI) ([M+H]+) Calcd. for C11H14O: 162.1045. 
 
 
Ethyl 2-ethoxy-1-nitrocyclopropanecarboxylate 57.  
1H NMR (400 MHz, CDCl3): δ 5.50 (d, 1H), 4.30 (q, 2H), 3.85-3.93 (m, 1H), 3.56-3.61 
(m, 1H), 3.52 (d, 1H), 3.19 (d, 1H), 1.31 (t, 3H), 1.22 (t, 3H). 13C NMR (62.9 MHz, 
CDCl3): δ 159.0, 107.3, 97.5, 64.9, 62.0, 37.9, 15.0, 14.3.  HRMS (ESI) ([M+H]+) Calcd. 
for C8H13NO5: 203.0794. 
 
 
Ethyl 1-nitro-2-propoxycyclopropanecarboxylate 58. 
1H NMR (400 MHz, CDCl3): δ 5.48 (d, 1H), 4.27 (q, 2H), 3.74-3.80 (m, 1H), 3.56 (dd, 
1H), 3.41-3.47 (m, 1H), 3.17 (d, 1H), 1.58 (q, 2H), 1.29 (t, 3H), 0.88 (t, 3H). 13C NMR 
(62.9 MHz, CDCl3): δ 159.0, 107.3, 97.8, 71.0, 62.0, 37.8, 22.8, 14.3, 10.5. HRMS (ESI) 
([M+H]+) Calcd. for C9H15NO5: 217.0950. 
 
Ethyl 2-butoxy-1-nitrocyclopropanecarboxylate 59.  
1H NMR (400 MHz, CDCl3): δ 5.47 (d, 1H), 4.28 (q, 1H), 3.78-3.84 (m, 1H), 3.46-3.56 
(m, 2H), 3.17 (d, 1H), 1.51-1.58 (m, 2H), 1.28-1.38 (m, 5H), 0.88 (t, 3H). 13C NMR (62.9 
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MHz, CDCl3): δ 159.0, 107.3, 97.8, 69.2, 62.0, 37.8, 31.5, 19.2, 14.3, 13.9. HRMS (ESI) 
([M+H]+) Calcd. for C10H17NO5: 231.1107. 
 
 
Ethyl 2-isobutoxy-1-nitrocyclopropanecarboxylate 60.  
1H NMR (400 MHz, CDCl3): δ 4.46 (d, 1H), 4.28 (q, 2H), 3.60 (q, 1H), 3.53 (dd, 1H), 
3.16-3.25 (m, 2H), 1.80-1.87 (m, 1H), 1.29 (t, 3H), 0.85-0.88(m, 6H). 13C NMR (62.9 
MHz, CDCl3): δ 159.0, 107.3, 97.9, 75.9, 62.0, 37.8, 28.4, 19.2, 14.3. HRMS (ESI) 
([M+H]+) Calcd. for C10H17NO5: 237.1107. 
 
 
Ethyl 2-tert-butoxy-1-nitrocyclopropanecarboxylate 61.  
1H NMR (400 MHz, CDCl3): δ 5.76 (d, 1H), 4.29 (q, 2H), 3.56 (dd, 1H), 3.12 (d, 1H), 
1.23-1.32 (m, 12H). 13C NMR (62.9 MHz, CDCl3): δ 158.9, 107.4, 93.0, 61.7, 38.2, 28.6, 
14.1.  HRMS (ESI) ([M+H]+) Calcd. for C10H17NO5: 231.1107, Found 283.1323. 
 
 
Ethyl 1-nitro-2-phenoxycyclopropanecarboxylate 64.  
1H NMR (400 MHz, CDCl3): δ 7.30 (t, 2H), 7.08 (t, 1H), 6.99 (d, 2H), 6.09 (d, 1H), 3.35 
(q, 2H), 3.76 (dd, 1H), 3.52 (d, 1H), 1.35 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.8, 
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155.7, 129.9, 123.8, 117.2, 106.5, 96.2, 62.3, 38.2, 14.4. HRMS (ESI) ([M+H]+) Calcd. 
for C12H13NO5: 251.0794. 
 
 
Ethyl 2-(4-fluorophenoxy)-1-nitrocyclopropanecarboxylate 68.  
1H NMR (400 MHz, CDCl3): δ 6.96-6.98 (m, 4H), 5.98 (d, 1H), 4.34 (q, 2H), 3.77 (dd, 
1H), 3.49 (d, 1H), 1.34 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.7, 119.1, 116.5, 
116.3, 106.4, 95.9, 62.3, 38.2, 14.3. HRMS (ESI) ([M+H]+) Calcd. for C12H12FNO5: 
269.0700, Found 329.1446. 
 
 
Ethyl 2-(4-chlorophenoxy)-1-nitrocyclopropanecarboxylate 69.  
1H NMR (400 MHz, CDCl3): δ 7.25 (d, 2H), 6.93 (d, 2H), 6.03 (d, 1H), 4.34 (q, 2H), 
3.78 (dd, 1H), 3.50 (d, 1H), 1.35 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.7, 154.2, 
129.9, 129.6, 129.0, 118.7, 95.2, 62.4, 38.2, 14.4. HRMS (ESI) ([M+H]+) Calcd. for 
C12H12ClNO5: 285.0404. 
 
NO2
O
O
O
Br  
Ethyl 2-(4-bromophenoxy)-1-nitrocyclopropanecarboxylate 70.  
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1H NMR (400 MHz, CDCl3): δ 7.39 (d, 2H), 6.86 (d, 2H), 6.02 (d, 1H), 4.33 (q, 2H), 
3.78 (dd, 1H), 3.49 (d, 1H), 1.33 (t. 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.7, 154.8, 
132.8, 119.0, 116.4, 106.2, 95.1, 62.4, 38.2, 14.3. HRMS (ESI) ([M+H]+) Calcd. for 
C12H12BrNO5: 328.9899. 
 
 
Ethyl 2-(3,5-dimethylphenoxy)-1-nitrocyclopropanecarboxylate 65.  
1H NMR (400 MHz, CDCl3): δ 6.7 (s, 1H), 6.60 (s, 2H), 6.05 (d, 1H), 4.33 (q, 2H), 4.35 
(dd, 1H), 3.48 (d, 1H), 2.26 (s, 6H), 1.34 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.8, 
155.8, 139.8, 125.5, 114.9, 106.6, 95.3, 62.3, 38.1, 21.4, 14.4. HRMS (ESI) ([M+H]+) 
Calcd. for C14H17NO5: 279.1107. 
 
 
Ethyl 1-nitro-2-(2-propylphenoxy)cyclopropanecarboxylate 66.  
1H NMR (400 MHz, CDCl3): δ 7.12-7.15 (m, 2H), 6.96-7.02 (m, 2H), 6.04 (d, 1H), 4.35 
(q, 2H), 3.79 (dd, 1H), 3.50 (d, 1H), 2.53-2.59 (m, 2H), 1.55-1.60 (m, 2H), 1.35 (t, 3H), 
0.91 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.9, 153.9, 132.6, 130.6, 127.2, 13.7, 
116.0, 106.5, 95.8, 62.3, 38.2, 32.2, 23.3, 14.4, 14.1. HRMS (ESI) ([M+H]+) Calcd. for 
C15H19NO5: 293.1263. 
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Ehyl 2-(4-methoxyphenoxy)-1-nitrocyclopropanecarboxylate 67.  
1H NMR (400 MHz, CDCl3): δ 6.94 (d, 2H), 6.81 (d, 2H), 5.95 (d, 1H), 4.33 (q, 2H), 
3.71-3.77 (m, 4H), 3.48 (d, 1H), 1.33 (t, 3H). 13C NMR (62.9 MHz, CDCl3): δ 158.8, 
156.2, 149.6, 119.1, 114.9, 106.6, 96.4, 62.3, 55.8, 38.1, 14.4. HRMS (ESI) ([M+H]+) 
Calcd. for C13H15NO6: 281.0899. 
 
References 
 
[51]  a) H. Lebel, J.-F. Marcoux, C. Molinaro, A.B. Charette, Chem. Rev. 2003, 103, 977-1
050 b) H. M. L. Davies, E. Antoulinakis, Org. React. 2001, 57, 1-326 c) A. Padwa, K. E.
Krumpe, Tetrahedron 1992, 48, 585-5433 d) M. P. Doyle, Chem. Rev. 1986, 86, 919-94
0 
[52]  H. M. L. Davies, R. E. J. Beckwith, Chem. Rev. 2003, 103, 2861-2903. 
[53]  For selected examples of cyclopropanation with diazocarbonyls, see: Cu-catalyzed s
ystem: a) H. Fritschi, U. Leutenegger, A. Pfaltx, Angew. Chem. 1986, 98, 1028-1029 b) 
D.A. Evans, K. A. Woerpel, M. M. Himman, M. M. Faul, J. Am. Chem. Soc 1991, 113, 
726-728 Rh-catalyzed systems c) W. Hu, D. J. Timmons, M. P. Doyle, Org. Lett. 2002, 
4, 901-904. d) Y. Lou, M. Horikawa, R. A. Kloster, N. A. Hawryluk, E. J. Corey, J. Am 
Chem. Soc. 2004, 126, 8916-8918 e) J. A. Miller, W. Jin, S. T. Nguyen, Angew. Chem. 2
002, 114, 3077-3080. Co-catalyzed systems f) A. Nakamura, A. konishi, Y. Tatsuno, S. 
Otsuka, J. Am. Chem. Soc. 1978, 100, 3443-3448. g) G. Du, B. Andrioletti, E. Rose, L. 
98 
 
K. Woo, Organometallics 2002, 21, 4490-4495 h) T. Niimi, T. Uchida, R. Irie, T. Katsu
ki, Adv. Synth. Catal. 2001, 343, 79-88 
[54]  A) H. M. L. Daives, P. R. Bruzinski, D. H. Lake, N. Kong, M. J. Fall, J. Am. Chem. 
Soc. 1995, 118, 68997-6907 b) H. M. L. Daives, Eur. J. Org. Chem. 1999, 2459-2469 
[55]  S. Zhu, J. A. Perman, X. P. Zhang Angew. Chem. 2008, 47, 8460-8463 
[56]  a) I. Aviv, Z. Gross, Chem. Commun, 2006, 4477. b) M. A. Mairena, M. M. Diaz-R
equejo, T. R. Belderrain, M. C. Nicasio, S. Trofimenko, P. J. Perez, Organometallics, 200
4, 23, 253. c) S. L. Jain, B. Sain, J. Mol. Catal. A : Chem, 2003, 195, 283. d) J. M. Barbe,
 G. Canard, S. Brandies, R. Guilard, Eur. J. Org. Chem, 2005, 4601. e) J. M. Barbe, G. C
anard, S. Brandes, R. Guilard, Angew. Chem. Int. Ed, 2005, 44, 3103. f) D. Walker, S. Ch
appel, A. Mahammed, J. J. Weaver, B. S. Brunschwig, J. R. Winkler, H. B. Gray, A. Zab
an, Z. Gross, J. Porphyrins Phthalocyanines, 2006, 10, 1259. g) D. Aviezer, S. Cotton, M.
 David, A. Segev, N. Khaselev, N. Galili, Z. Gross, A. Yayon, Cancer Res, 2000, 60, 297
3. 
[57]  For selected examples of cyclopropanation with diazocarbonyls, see: Iron-catalyzed 
systems a) L. Simkhovich, I. Goldberg, Z. Gross, Inorg. Chem., 2002, 41, 5433 b) L. Sim
khovish, Z. Gross, Inorg. Chem., 2004, 43, 6136 Rhodium-catalyzed systems c) I. Saltsm
an, L. Simkhovich, Y. S. Balazs, I. Goldberg, Z. Gross, Inorg, Chim. Acta, 2004, 357, 30
38 d) L. Simkhovich, I. Goldberg, Z. Gross, J. Porphyrisn Phthalocyanines, 2002, 6, 439 
e) L. Simkhovich, P. Iyer, I. Goldberg, Z Gross, Chem. Eur. J., 2002, 8, 2595 
[58]  a) K. E. Bashford, A. L. Cooper, P.D. Kane, C.J. Moody, S. Muthusamy, E. Swann, 
J. Chem. Soc., Perkin Trans. 1. 2002, 1672 b) K. Yamazaki, Y. Kondo, Chem. Commun. 
2002, 210 c) E. C. Talyor, H. M. L. Davies, J. Org. Chem. 1984, 49, 113  
99 
 
[59] a) A. B. Charrette, R. P. Wurz, T. Ollevier, Helv, Chim. Acta 2002, 85, 4468 b) A. B.
 Charette, R. P. Wurz, J. Mol. Catal. A 2003, 196, 83 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
100 
 
 
 
APPENDIX A. 
1H AND 13C NMR SPECTRA OF SELECTED COMPOUNDS 
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APPENDIX B. 
X-RAY CRYSTALLOGRAPHIC DATA FOR COMPOUND 37 
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Table 1.  Crystal data and structure refinement for III195_0m. 
__________________________________________________ 
Identification code  iii195_0m 
Empirical formula  C17 H15 Br O3 
Formula weight  347.20 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 5.73350(10) Å α= 90°. 
 b = 14.4265(2) Å β= 96.3310(10)°. 
 c = 18.2866(3) Å γ = 90°. 
Volume 1503.34(4) Å3 
Z 4 
Density (calculated) 1.534 Mg/m3 
Absorption coefficient 3.792 mm-1 
F(000) 704 
Crystal size 0.30 x 0.20 x 0.10 mm3 
Theta range for data collection 3.91 to 68.42°. 
Index ranges -5<=h<=6, -17<=k<=16, -21<=l<=21 
Reflections collected 12795 
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Independent reflections 2644 [R(int) = 0.0277] 
Completeness to theta = 68.42° 95.8 %  
Absorption correction None 
Max. and min. transmission 0.7030 and 0.3959 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2644 / 0 / 250 
Goodness-of-fit on F2 1.127 
Final R indices [I>2sigma(I)] R1 = 0.0260, wR2 = 0.0640 
R indices (all data) R1 = 0.0264, wR2 = 0.0643 
Largest diff. peak and hole 0.315 and -0.586 e.Å-3 
 
Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters 
(Å2x 103) for III195_0m.  U(eq) is defined as one third of  the trace of the orthogonalized 
Uij tensor. 
________________________________________________________________________
 x y z U(eq) 
________________________________________________________________________
C(1) 9362(4) -766(1) 6033(1) 14(1) 
C(2) 7647(4) -1448(1) 5929(1) 17(1) 
C(3) 8048(4) -2322(1) 6229(1) 20(1) 
C(4) 10194(4) -2535(1) 6623(1) 19(1) 
C(5) 11928(4) -1858(2) 6721(1) 20(1) 
C(6) 11517(4) -976(2) 6430(1) 17(1) 
C(7) 8830(3) 176(1) 5732(1) 13(1) 
C(8) 8776(3) 1009(1) 6210(1) 13(1) 
C(9) 9358(4) 858(1) 7031(1) 14(1) 
C(10) 8056(4) 89(2) 8058(1) 19(1) 
C(11) 6181(5) -594(2) 8175(1) 32(1) 
C(12) 7258(3) 1823(1) 5971(1) 13(1) 
C(13) 7756(3) 2346(1) 5367(1) 13(1) 
C(14) 6327(3) 3085(1) 5122(1) 14(1) 
C(15) 4390(3) 3285(1) 5487(1) 14(1) 
C(16) 3873(4) 2780(1) 6092(1) 16(1) 
C(17) 5317(4) 2046(1) 6333(1) 16(1) 
O(1) 11120(3) 1118(1) 7383(1) 26(1) 
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O(2) 7643(2) 381(1) 7291(1) 15(1) 
O(3) 10724(2) 845(1) 5798(1) 15(1) 
Br(1) 2375(1) 4277(1) 5140(1) 19(1) 
 
 
Table 3.   Bond lengths [Å] and angles [°] for  III195_0m. 
_____________________________________________________  
C(1)-C(2)  1.390(3) 
C(1)-C(6)  1.396(3) 
C(1)-C(7)  1.485(3) 
C(2)-C(3)  1.384(3) 
C(2)-H(2)  0.91(3) 
C(3)-C(4)  1.390(3) 
C(3)-H(3)  0.94(3) 
C(4)-C(5)  1.391(3) 
C(4)-H(4)  0.96(3) 
C(5)-C(6)  1.389(3) 
C(5)-H(5)  0.98(3) 
C(6)-H(6)  0.92(3) 
C(7)-O(3)  1.448(2) 
C(7)-C(8)  1.488(3) 
C(7)-H(7)  0.98(2) 
C(8)-O(3)  1.433(2) 
C(8)-C(12)  1.499(3) 
C(8)-C(9)  1.518(3) 
C(9)-O(1)  1.197(2) 
C(9)-O(2)  1.330(2) 
C(10)-O(2)  1.459(2) 
C(10)-C(11)  1.490(3) 
C(10)-H(101)  0.97(3) 
C(10)-H(102)  0.99(3) 
C(11)-H(111)  0.94(4) 
C(11)-H(112)  0.96(3) 
C(11)-H(113)  0.92(3) 
C(12)-C(13)  1.393(3) 
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C(12)-C(17)  1.394(3) 
C(13)-C(14)  1.388(3) 
C(13)-H(13)  0.96(2) 
C(14)-C(15)  1.388(3) 
C(14)-H(14)  0.97(2) 
C(15)-C(16)  1.384(3) 
C(15)-Br(1)  1.9031(19) 
C(16)-C(17)  1.386(3) 
C(16)-H(16)  0.96(3) 
C(17)-H(17)  0.92(2) 
C(2)-C(1)-C(6) 119.32(18) 
C(2)-C(1)-C(7) 118.97(18) 
C(6)-C(1)-C(7) 121.70(18) 
C(3)-C(2)-C(1) 120.45(19) 
C(3)-C(2)-H(2) 119.6(17) 
C(1)-C(2)-H(2) 119.9(17) 
C(2)-C(3)-C(4) 120.38(19) 
C(2)-C(3)-H(3) 119.5(16) 
C(4)-C(3)-H(3) 120.1(16) 
C(3)-C(4)-C(5) 119.39(19) 
C(3)-C(4)-H(4) 120.5(15) 
C(5)-C(4)-H(4) 120.1(15) 
C(6)-C(5)-C(4) 120.37(19) 
C(6)-C(5)-H(5) 119.0(15) 
C(4)-C(5)-H(5) 120.6(15) 
C(5)-C(6)-C(1) 120.08(19) 
C(5)-C(6)-H(6) 121.8(17) 
C(1)-C(6)-H(6) 118.0(17) 
O(3)-C(7)-C(1) 117.25(16) 
O(3)-C(7)-C(8) 58.44(11) 
C(1)-C(7)-C(8) 122.58(16) 
O(3)-C(7)-H(7) 113.7(14) 
C(1)-C(7)-H(7) 116.9(15) 
C(8)-C(7)-H(7) 114.7(15) 
O(3)-C(8)-C(7) 59.39(12) 
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O(3)-C(8)-C(12) 115.94(15) 
C(7)-C(8)-C(12) 120.75(16) 
O(3)-C(8)-C(9) 113.40(16) 
C(7)-C(8)-C(9) 116.64(16) 
C(12)-C(8)-C(9) 117.26(16) 
O(1)-C(9)-O(2) 125.75(18) 
O(1)-C(9)-C(8) 124.53(18) 
O(2)-C(9)-C(8) 109.71(16) 
O(2)-C(10)-C(11) 106.57(17) 
O(2)-C(10)-H(101) 107.0(16) 
C(11)-C(10)-H(101) 114.4(16) 
O(2)-C(10)-H(102) 107.6(14) 
C(11)-C(10)-H(102) 111.7(15) 
H(101)-C(10)-H(102) 109(2) 
C(10)-C(11)-H(111) 113(2) 
C(10)-C(11)-H(112) 110(2) 
H(111)-C(11)-H(112) 108(3) 
C(10)-C(11)-H(113) 108.0(18) 
H(111)-C(11)-H(113) 109(3) 
H(112)-C(11)-H(113) 109(3) 
C(13)-C(12)-C(17) 119.77(18) 
C(13)-C(12)-C(8) 119.50(17) 
C(17)-C(12)-C(8) 120.71(17) 
C(14)-C(13)-C(12) 120.41(18) 
C(14)-C(13)-H(13) 120.0(14) 
C(12)-C(13)-H(13) 119.5(14) 
C(13)-C(14)-C(15) 118.69(18) 
C(13)-C(14)-H(14) 123.1(14) 
C(15)-C(14)-H(14) 118.2(14) 
C(16)-C(15)-C(14) 121.86(18) 
C(16)-C(15)-Br(1) 119.15(15) 
C(14)-C(15)-Br(1) 118.98(14) 
C(15)-C(16)-C(17) 118.95(19) 
C(15)-C(16)-H(16) 119.6(15) 
C(17)-C(16)-H(16) 121.5(15) 
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C(16)-C(17)-C(12) 120.31(18) 
C(16)-C(17)-H(17) 119.6(13) 
C(12)-C(17)-H(17) 120.0(13) 
C(9)-O(2)-C(10) 116.41(15) 
C(8)-O(3)-C(7) 62.18(12) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
 
 
 
